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2.0 PURPOSE AND SCOPE

Over the penod of the last few years, it has become apparent that a standardized procedure 1s
needed for logging alluvial and bedrock material This need has ansen because each subcontractor
has shghtly different procedures and cnitena for logging borehole matenal Beginning 1n 1991, all
subcontractors will use the procedures that are covered in this SOP

By applying these techmques and procedures, it will be possible to standardize the logging of alluvial
and bedrock matenals In addition, the number of errors and the amount of relogging will be
reduced Ths wall allow lithologic descriptions to be compared from year to year and will enable
the environmental management staff on the Rocky Flats @E‘&Eﬁé’ ma-l,t—e-‘ fn}t:?p;ét.aﬂ&ﬁsrv' P
based on rehable data T h s Pv‘eé—d 4L does RY:E#F ape)\) To al) uvm_.)
Or Pad otk materiats devived Sremm geogrove xnkuﬁam-ns
On the m, "alluvial matenal" includes alluvium, colluvium, fill, and agronomic soils Samples
of alluvium, colluvium, fill, and agronomic soils are to be classified and described using the Umfied
Soil Classification System (U S CS ) and enhanced by Item 10 1 1n ASTM D2488, "Description and
Identification of Soils (Visual-Manual Procedure) " Bedrock matenal, regardless of the degree of
weathering, 1s to be classified and described by using many of the procedures and techmques
described m Compton’s "Manual of Field Geology” (1962), which has been mcorporated with

additional matenal in thuis SOP

2-DMR-RMR<- 017

3.0 RESPONSIBILITIES AND QUALIFICATIONS

ERPro et Tearn
The mgrqect manager has the overall responsibility for implementing this SOP  The
subcontractor’s project manager will be responsible for assigning project staff to implement this

SOP and for ensuring that the procedures are followed by all subcontractor personnel

All personnel performing these procedures are required to have the appropnate health and safety
tramming as specified in the site-specific Health & Safety Plan In addition, all personnel are

(4011-930-0062-930)(GTIREV.2)(03/02/92)
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required to have a complete understanding of the procedures described within this SOP and receive
specific tramning regarding these procedures

Only qualified personnel will be allowed to perform these procedures Required qualifications vary
depending on the activity to be performed In general, qualifications are based on education,
previous experience, on-the-job trmaxgg, and supervision by qualified personnel Personnel who log
alluvial boreholes must study the R¥P- Alluvial Reference Set that contains examples of all 15
sample classifications within the US CS System Personnel who log bedrock boreholes must be
qualfied geologsts or geologic engineers, who have received special permission to log bedrock
holes All of the loggers must studgheego;e Reference Set that contamns 15 representative samples
of the stratigraphic section in the FFP area In addition, they must study the Alluvial Reference
Set These reference sets are used as traiming gwides to help ensure consistency among logging
geologists The subcontractor’s project manager will document personnel qualifications related to
this procedure 1n the subcontractor’s project Quality Assurance (QA) files

All project staff are responsible for reporting deviations from this SOP to the individual’s project
manager The subcontractor’s project manager will report deviations and nonconformances to the
BG¥E project manager

ER Preéu«'\' Team

When field conditions rcg dcvnatlons from the SOP, a Document Changc Notice (DCN) will
&cﬁ' Tearn ER wr Tsa.
be authonized by an Eﬂtﬁ D logging supervisor An BEGIGEM Dcpartmcnt Admunistrative

Procedure outhines the DCN approval process
REFERENCES

SOURCE REFERENCES

The following 1s a list of references reviewed prior to the writing of this procedure

(4011930-0062-930)(GTIREV.2)(03/02/92)
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D .
SINE I UT'DOSE!

s Vol 0408 Sec D2488

Blatt, H, Middleton, G, Murray, R Ongmn of Sedimentary Rocks Prentice-Hall 1972
Compton, Robert R Manual of Field Geology John Wiley & Sons, Inc 1962

Harlan, R L, Kolm, K.E, Gutentag, E D Water-Well Design and Constructiop Development 1n
Geotechnical Engineering, #60 Elsevier 1989

Krumbem, W C, Pettyohn, F.J Manual of Sedunentary Petrography Appleton-Century-Crofts
1966

Umnified Soul Classification System Appendix A. Charactenstics of Sol Groups Pertaiing to

Embankments and Foundations. Appendix B haracteristics O 0 oups Pertaining to !}

and Aurfields (US ) Army Engineer Waterways Experiment Station Vicksburg, MS 1960

50 CLASSIFICATION/DESCRIPTION
51 UNIFIED SOIL CLASSIFICATION SYSTEM (US.C.S)
RFET4
The US CS classification system will be used at REP The US CS, as used in this SOP, has been

modified from the Army Corps of Engineers’ Techmcal Memorandum No 3-357, "The Umified Soil
Classification System" (1960) Physical charactenistics, which are normally determuned through |

(4011-930-0062930)(GTIREV.2)(03/02/92)
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511

512

5121

laboratory analyses, are not included 1n this SOP because they are neither practical to do in the field
nor appropnate to geologic logging A reprint of the US CS 1s enclosed m Appendix GT 1A

Basis of Classification

The US CS historically has been used to classify "soils” based on their textural properties, hiquid
limit, and organic content In the past, the term "soil” has been used by engineers as a catchall term
that includes all unconsohdated matenial Because engmeers are concerned with how the soil

behaves as a construction matenal, this all-inclusive approach has served them quite well

However, m this SOP, the US CS will be applied only to alluvium, colluvium, fill, and agronomic
soils This has been done to separate unconsohidated cover matenal from bedrock that has well-
defined sedimentologic and deposmonal patterns, regardless of the degree to which the bedrock has
been weathered In the m zrea, it 1s more important to determine the possible paths of
groundwater movement based on lithologic variability and geologic processes than 1t 1s to determine

the engineering properties of weathered bedrock based on 1ts physical behavior

Texture

Grain Size Scale

The US CS gran size scale 1s divided 1nto four main categories (1) cobbles, (2) gravel, (3) sand,
and (4) fines The gravel, sand, and fines are subdiided mto coarse and fine gravel, coarse,
medum, and fine sand, and silt and clay

Table GT.1-1 1s a summary of the USCS gram size scale as well as the Wentworth, Atterberg,
and U S Department of Agriculture grain size scales (Krumbein and Pettyohn 1966, and Compton
1962) In this SOP, the U S CS grain size scale 1s used when logging alluvium, colluvium, fill, and
agronomic soils, whereas the Wentworth scale 1s used for logging bedrock

(4011-930-0062930)(GTIREV.2)(03/02/92)
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Neither the US CS nor the US Department of Agriculture grain size scales have a common base
However, both the Wentworth and the Atterberg grain size scales are geometric series with a base
of 2 and 10, respectively

It should be noted that the divisions between gravel and sand, as well as those between sand and
silt, vary from scale to scale This makes it somewhat difficult to compare the US CS gran size
analyses with analyses based on other scales Most geotechmcal laboratories show onlythe USCS
grain size ranges on the graph paper Figure GT 1-1 1s a modified graph that shows both the
US CS and Wentworth gran size ranges ASTM D422, "Particle-Size Analysis of Souls,” should
be used to perform the grain size analyses but should be modified to include a 230 sieve when
bedrock 1s being analyzed

Sieves and grain size charts should be used regularly when gram size determmations are made It
15 important to mention that a small degree of error 1s inherent between grain size determinations
made in the ficld and those derived 1n the laboratory Field analyses are based on volumetric
(visual) measurements, whereas the laboratory analyses are based on weight measurements

However, the procedures employed 1n this SOP sigmificantly reduce the margin of error

The logger 1s responsible for subdividing the core mto intervals of similar hthologies From each
mterval, a small representative sample will be collected, dried, desegregated, and sieved, using the
appropriate sieve nest The volume of matenal 1n each size class will be measured using graduated
cylinders and beakers and recorded The logger must record the percentages of gravel, sand, silt,
and clay Percentages of silt and clay can be estimated with the aid of a binocular microscope The
percentage of abundance diagrams in Figure GT 1-5 and the soil reference set wall be used when
appropriate  All percentages should normalize to 100% and be recorded in the gran size column
of the logging form

(4011-930-0062-930)(GTIREV .2)(03/02/92)
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TABLE GT 1-1

Gramn Size Scales (mllllmeter[mm])

e ————
Component
>762 256-64 200-20 >80 Cobbles
i - 64-32° - - V C. Gravel
|| 76 2-19 32-16* - - C. Gravel
“ - 16-8* 20-2* 80-2 M Gravel
| 19-476 84¢ - - F Gravel
- 4-2 - - Granule
- 2-1 - 2-1 V C. Sand
476-2 1-05 202 1-05 C. Sand
2-42 05-0.25 - 05025 M Sand
42-074 0250125 02-002 02501 F Sand
- 0125-0 0625 - 01-005 VF Sand
< 074 0 0625-0 0039 002-0 002 005-0 002 Silt
- <0 0039 <0002 < 002 Clay
Vanable Base 2 Base 10 Vanable
i *Pebbles
o ]

(4011-930-0062-930)(GTIREV.2)(03/02/92)
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5122 Graded Material

513

The concept of graded material is used to describe the number of grain size ranges that are present
within the central portion (approximately 80 percent) of the gramn size distribution for samples with
less than S percent fines (silt and clay) If 80 percent of the sample contains predominantly one or
two grain size ranges (such as medium and fine sand), it 1s poorly graded and has a symbol (P)
If 80 percent of the sample contamns three or more gran size ranges (such as fine gravel, coarse
sand, medum sand, and fine sand), it 1s well graded and has a symbol (W)

Field values may be checked after the grain size analyses have been calculated and plotted The
umformity coefficient 1s a useful value that may help determine whether a gravel or a sand 1s well
graded The formula for the umformty coefficient 1s

U, = Dy/ Dy

where the D values are read directly from the grain size plots and represent the amount of matenal
that 1s finer by weight Well-graded gravels have a value greater than 4, and well-graded sands have

a value greater than 6
Field Estimates of Plasticity

The plasticity charactenistics of fine-gramned alluvium or the fine fraction of a coarse alluvium should
be determined per the procedures covered in the USCS (Appendix GT 1A) The following
paragraph and paragraph excerpts are taken from the US CS in Appendix GT 1A

"Particles larger than about the No 40 sieve size are removed (by hand), and a specimen of soil
about the size of a 1/2-1nch cube 1s molded to the consistency of putty If the soil is too dry, water
must be added, and if 1t 1s sticky, the specimen should be spread out 1n a thin layer and allowed to
lose some moisture by evaporation The sample 1s rolled by hand on a smooth surface or between

(4011-930-0062-930)(GTIREV.2)(03/02/92)
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5131

5132

5133

514

the palms into a thread about 1/8 inches in diameter The thread is then folded and rerolied
repeatedly During this manipulation, the moisture content 1s gradually reduced and the specimen
stiffens, finally loses its plasticity, and crumbles when the plastic imit 1s reached After the thread
crumbles, the pieces should be lumped together and a shght kneading action continued until the
lump crumbles The higher the position of the soil above the A’ hne on the plastiaaty chart  the
stiffer are the threads as their water content approaches the plastic hmit and the tougher are the
lumps as the soil 1s remolded after rolling "

Low Plasticity

Alluvial samples with a low plasticity "form a weak thread and  cannot be lumped together into

a coherent mass below the plastic hmit "

Medium Plasticity

Alluwial samples with a medium plasticity "form a medium tough thread (easy to roll) as the plastic
limit 1s approached but when the threads are formed nto a lump and kneaded below the plastic
limat, the sou crumbles readily "

High Plasticity

Alluvial samples with a lugh plasticity form a stiff thread "as their water content approaches the
plastic hmut and the tougher are the lumps as the soil 1s remolded after rolling.”

U.S.C.S. Sample Classification
The sample classifications of the US CS are illustrated in Figure GT 1-2 In order to classify

alluvium, colluvium, fill, and agronomic souls, it 1s necessary first to estimate the percent of all the

grain size ranges 1n the sample and determine the plasticity of the fines 1if they comprise more than

(4011-930-0062.930)(GTIREV 2)(03/02/92)
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50 percent of the sample With this information, enter Figure GT 1-2 from the left and progress
to the nght matching the textural, plasticity, and organic characteristics of the sample

The progression through Figure GT 1-2 1s an "if/then" sequence of decisions that ultimately leads
to the proper sample classification For borderline gravel and sand soil classifications whose fines
content ranges from 5 to 12 percent, a spht classification should be assigned based on the two
dominant soil types with the main type given first A split classification 1s also justified for gravel
and sand soil types having equivalent percentages of coarse fraction matenal passing the no 4 sieve
Log descriptions should identify the appropriate USCS symbol(s) and associated hthologic
(graphic) log, however, the sample description should reflect the most frequent gramn size n a
manner consistent with the classification for bedrock units (see Section §2.5) Two examples follow:

. Example 1 Seventy-five percent of the materal 1s greater than the No 200
steve, 53 percent greater than the No 4 sieve (gravel), 22 percent
1s sand, and 25 percent 1s fines (10 percent sit and 15 percent
clay) The proper classification for this sample 1s a sandy gravel
with some clay and silt (GC)

. Example 2 Eighty-five percent of the matenal 1s smaller than the No 200
sieve, 5 percent 1s gravel; 10 percent 1s sand, 30 percent 1s silt;
and 55 percent 1s clay that has a low to medium plasticity The
proper classification for this sample 1s a silty clay with some sand
and a trace of gravel (CL)

Note Both examples use the range of abundance terms defined n Section 5231

Generally, sample descriptions should be made n the following order

o Main textural classification with modifiers

(4011-930-0062-930)(GTIREV 2)(03/02/92)
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Note Dual Symbols are used to indicate borderhne so1l classifications
whose fines range from 5 to 12%

Unified Soil Classification System
Modified from "Water-Weil Design and Construction, Development 1n
Geotechmcal Engineering, 60", by R L Harlan, KE Koln and
ED Gutentag, Elsevier, 1989

(4011 930-0131 930)Figure GT 1 2X03/01/92)
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FIGURE GT.1-2 SOIL TYPES
Major 5| 2 1
Divisions 2| E Description
- /7]
Gravel | Clean ® .. ". Well graded gravels or gravel-sand
Gand' Gravels | GW npphpeiviinkins
ravely Poorly graded gravels or gravel-sand |
Coarse (<5%
Orained Soils fines) GP mixtures, litle or no finss.
Soils Gravels Shty gravels, gravel-sand-sit
than S0% with mixtures.
course frac. | Fines Cayey gravels, gravel-aand-cla
retained > 12% n NM’ . e y
™o 4 seve (finesf Ge
Sand Clean o*ys { Weloraded sands or gravelly eands,
gnd | Sand | SW |:3:3% e ornotnes
SoIIsy (< 5% RTINS B inpetoobibanind
More than 50% tnes) | SP [ 1w e orro
of matenal is ?;nngs M Silty sands sand-sit
larger than no mixtures ,
More than 50% | Fines
200 siave size |of coarse trac- Clayey sands, sand-clay
tonpassed (> 12% SC mcures.
no 4sieve | fines)
Inorganic silts and very fne sands,
ML rock fiour, silty or ciayey fine sands,
of clayey silts with slight plasticity
Fine Low Inorganic clays of iow 10 medium
CL plasticity, gravelly clays, sandy
Grained Plasticity clays, silty ciays, lesn clays.
Soils Organie silts and organic
Silts oL silty ciays of low plasticily
and
C'ays MH inorganic slits, micaceous or
diatomaceous fine sand or silty soils
More than 50% High CH Inorgenic clays of high
of material is Plasticity plasticily, fat clays
smaller than no OH Organic cleys of medium 1o high
200 sieve size plasticity, organic silts
Highly Organic Soils PT mm mm e
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. Color’
. Gramn size
. Grading
. Angulanty (ASTM D2488)
) Plasticity
o Composition
o Bedding
. Mousture content
. Top of bedrock, if present

515

" See Section 524 for gudelines on describing color For alluwial gravels, the
color reported will be that of the matrix.

Problems With the US.C.S.

The following are problems that are intrinsic to the US CS An obwvious problem with the USCS
1s that a change of one or two percent 1n coarse or fine matenal on either side of the 50 percent
boundary may cause the sample classification to vary considerably For example, a clayey gravel
(GC) or a clayey sand (SC) could easily change to a gravelly clay or a sandy clay with low plasticity
(CL) or a sandy clay with high plasticity (CH) Clearly a classification system that 1s this sensitive
1s subject to errors, especially in the field

Another problem 1s that it 1s all but impossible to determine a hquid hmat 1n the field For the
purposes of this SOP, the hquid imit has been replaced by field esimate of plasticity (see Sub-
section 513) All loggers will refer to the RFP Alluvial Reference Set as an aide 1n making
RFETS

plasticaty determinations

The USCS also lacks the textural property of angulanty that helps to determine the matunty of
a sediment

(4011-930-0062930)(GTIREV.2)(03/02/92)
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52

521

522

5221

Finally, the US CS 1s a purely descriptive classification that has been designed for construction
purposes and concentrates heavily on the physical properties of clay Because of this, the USCS

has 15 sample classifications and 1s very cumbersome

BEDROCK DESCRIPTIONS

All bedrock maternal should be classified and described by using many of the procedures and
techmques described in Compton (1962), which has been incorporated with additional matenal in
this SOP

Basis of Classification

Compton classifies sedimentary rocks on the basis of their texture, fabric, and composiion Rock
descriptions such as conglomerate, sandstone, siltstone, and shale (claystone and mudstone) are
textural classifications based solely on grain size When other properties like sorting, roundness,
bed thickness and contacts, cross-stratification, color, composition, cement, porosity, and fossi
content are included, it 1s possible to make interpretations of where, how, and under what

conditions the sediments were deposited

Textural Parameters

Grain Size Scale

The Wentworth grain size scale 15 divided mto six man categones (1) cobbles, (2) pebbles, (3)
granules, (4) sand, (5) silt, and (6) clay The pebble and sand categories are subdivided 1nto very
coarse, coarse, medium, and fine pebbles, and very coarse, coarse, medium, fine, and very fine sand

(see Table GT 1-1) The scale 1s a geometric series with a base of 2

(4011-930-0062.930)(GT1REV.2)(03/02/92)
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5222

5223

Unlike the US CS in which the sand/silt boundary occurs at 0 074 mm, the sand/silt boundary
occurs at 0 0625 mm 1n the Wentworth scale Since geotechnical laboratories generally plot grain
size analyses on graph paper that 1s compatible with the U S C S, 1t 1s important to ensure that they
also include the range of Wentworth grain size intervals on the graph paper (Figure GT 1-1) The
gran size distnibution of bedrock matenals are made using the sieving techmques as described in
Section 5121

Degree of Sorting

Sorting 1s a measure of the extent to which a sediment has been winnowed or reworked during
transport It also 1s a good mdicator of the matunity of a sediment, the energy of the transporting

agent, and the environment of deposition

In order to determme the degree of sorting, Compton (1962) states, "an estimate 1s made of the
range of gramn sizes that include the bulk (here 80 percent) of the detrital materials " It is then
necessary to count the number of size ranges that are contained 1n the 80 percent sample (see Table
GT 1-1) The number of size ranges is then compared with Figure GT 1-3 to determine the degree
of sorting that describes the sample best

Degree of Rounding

Rounding 1s a measure of the amount of abrasion a gramn has undergone However, 1t 1s not
generally used to descnbe sediments that are much finer than sand, because grains finer than sand
tend to have elastic collsions that do not affect the shape of the grain. Two properties that must
be considered when estimating the degree of rounding are (1) the composition and (2) the original
shape of the grain Rounding can be an indication of sediment matunty, sediment transport history
and sometimes provenance The shapes shown in Figure GT 1-4 should be used to estimate the
degree of rounding of individual grains

(4011-930-0062-930)(GTIREV 2)(03/02/92)
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TERMS FOR DEGREE OF SORTING

;
e b an

! ‘ ‘,- 2 [ 4
208 A AT L3 Yord | :
Well |Moderately| Poorly |Very Poorly
Sorted 3 Sorted g Sorted 3 Sorted

FIGURE GT.1-3

Terms for degrees of sorting The numbers indicate the number of size-classes included by the great
bulk (80 percent) of the material The drawings represent sandstones as seen with a hand lens  Silt
and clay-size materials are shown diagramatically by the fine stupple Taken from Compton, 1962

TERMS FOR DEGREE OF ROUNDING

Very Sub- Sub- Well
Angular Angular Angular Rounded Rounded Rounded

FIGURE GT.1-4

Terms tor degree of rounding grains as seen with a hand lens After Powers, M C, 1953, "Journal
of Sedumentary Petrology”, v 23,p 118 Courtesy of the Society of Economic Paleontologists and
Mineralogists Taken trom Compton, 1962

(4011 930-0121-930)(Figare GT | 3&4)(03/01/92)
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5224

523

5231

Porosity

Porosity 1s not always an easy property to estimate 1n the field because the bedrock can be
drastically altered during driling and coring as well as by weathering Generally, samples exhubit
more porosity than the rock actually contains

Porosity will be estunated at 20X using a binocular microscope and expressed as a percentage of
the total rock volume The abundance charts shown in Figure GT 1-5 will be used The porosity
seen at 20X power 1s an estimate of the effective aquifer porosity

Estimate of Abundance

Figure GT 1-5 1s composed of several drawings that represent the field of view commonly seen
through a microscope or hand lens Each circle contams a number of black areas Below each
circle 1s the actual percentage of black area that the circle contamns Al loggers should review
Figure GT 1-5 until they are adept at estimating the percentages that are contained n the circles

Division of Abundance

Quute often 1t 1s necessary to determine the relative abundance of a vanable In these cases, the
use of the terms trace, some, and abundant has a utility The ranges for each are given 1n Table
GT 1-2

(4011-930-0062.930)(GTIREV.2)(03/02/92)
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TABLE GT 1-2

RANGE OF ABUNDANCE

vision Range of Percent
Trace >0to 5
Some 6to25
Abundant 26 to 100

524

These terms generally follow a "with" statement, such as, Sandstone, light olve gray (5Y6/1), very

fine to fine grained, with a trace of carbonaceous material
Color

Color can convey a great deal of information It helps to identify the components of the sediment
or rock as well as the cement In addition, color 1s indicative of the current chemical environment
from which the sample was taken For example, at%érh?ghly weathered (oxudized) sandstones
are commonly browmsh-orange while unweathered sandstones are hight olive grey

To ensure that the color descriptions are accurate and standardized, each sample should be
described whule 1t 1s wet by using the Geological Society of America "Rock-Color Chart” (1984)
If the sample has dried, it should be moistened with clean water from a squurt bottle Care should

also be taken to remove sunglasses when a color determination 1s being made

(4011-930-0062-930)(GTIREV.2)(03/02/92)
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525 Rock Classification

52.6

527

Clastic rocks are primarily classified on the basis of their most frequent grain size The majonty
of rocks at %FP are claystone, siltstones, and sandstones, however, hybrids of these end members
are qute common The second and sometimes third most frequent constituents act as modifiers
and precede the major rock name in the description, such as, silty sandstone or clayey siltstone
If, however, a rock 1s composed of 80 percent or more of one constituent, then it should be
described solely as that rock type The secondary textural modifiers should then be described in
the description following a "with" statement Figure GT 1-6 shows all the rock classifications and
thexr lithologic symbols that should be used while logging bedrock samples

Cement

The nature of the cementing medium should be described whenever possible Typical cementing
agents are clay (argillaceous cement), silica, and calcium carbonate (caliche)

Friability

The tendency of a rock to crumble 1s related to how well 1t 1s cemented and the extent to which 1t
has been weathered Table GT 1-3 shows the degree of friability

(4011-930-0062-930)( GTIREV 2)(03/02/92)




FIGURE GT.1-6 LITHOLOGIC SYMBOLS FOR (5;-%.11?03;?1)3

COMMON CLASTIC ROCKS 23 of 34
March 1, 1992

"._f -~ - Environmental Management
— — .. o / / / e o o o o ® O o O o
— m—— e o o o o O & O & O
— - — / / / o & o o o e O o O o
- / / /T e ® o o o O o O e O
CLAYSTONE SILTSTONE SANDSTONE CONGLOMERATE
L ]
—— ——— 7 /. / [ ] [} o [ ] [ o Q o Q o
° ® e .— L] T n— L]
—-—— * —— / e o o o o o O o 0O o
® o @ - —— ——— —-—— —
J - o / / e o o o o e QO o Q o
° ®
SILTY CLAYEY CLAYEY CLAYEY
CLAYSTONE SILTSTONE SANDSTONE CONGLOMERATE
® L )
—— . / / 2 o o 9 s O o Q o
L ] [ ] ® [ 'Y Py ° PY Py [ ] L .. | ] (0] [ ] O. o]
-  esam / e o / L e O / O e
s o o o @ S & & & & o %0 o o 0/'0 * O
/ / [ ] ® ® [ ] o O o O o
[ ®
SANDY SANDY SILTY SILTY
CLAYSTONE SILTSTONE CONGLOMERATE
ety s O
[ )
e O
7 o e
e O
CALICHE SILTSTONE SANDSTONE CONGLOMERATE
W/ CALICHE W/ CALICHE W/ CALICHE
— —-—— cu—
—I— -
IRONSTONE CLAYSTONE COAL SANDSTONE
OR IRONOXIDE W/ IRONOXIDE W/ CARBONACEOUS
MODULES MODULES MATERIAL

(4011-930-0132 930X Figure GT 1-603/0192)

e 2ER s n




LOGGING ALLUVIAL AND BEDROCK MATERIAL
Rocky Flarz Envwerm mertak Teeh no\_e;%h% e
EG&G-ROCKY _FLATS PLANT

Manual, 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: GT.1, Rev. 2
Page: 24 of 34
Effective Date: March 1, 1992
Category 2 Organization: Environmental Management
TABLE GT 1-3
DEGREE OF FRIABILITY
Term Defipition
Haghly Friable Crumbles readily nto individual
grains upon minor disturbance
Moderately Fniable Will crumble into individual grains
with extensive rubbing
Shghtly Friable Can be broken into individual grains
by scraping it with a pocket knife
Non-Fnable Cannot be broken mto individual
grams by any of the methods
described above

528 Composition

It 1s not the objective of thuis SOP to classify sedimentary rocks on the basis of thewr mineral content
by using tertiary diagrams with quartz/chert, feldspar, and hithic fragments at each pole Since
Compton wrote the "Manual of Field Geology" in 1962, several classifications have been published
Two of the most widely used classifications are those published by Earl McBride 1n 1963 and Robert
Folk 1n 1974 Blatt, et al,, (1972) presents an excellent evaluation of these and other classifications
For the purpose of this SOP, the geologist 1s concerned with describing only accessory munerals,
fossils, and other components that distinguish one rock from another The descriptive term(s)
should follow a "with" statement, such as, silty sandstone, light olive grey (5Y6/1), very fine grained,
with some pink feldspar rock fragments

(4011-930-0062.930)(GTIREV.2)(03/02/92)
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529

52.10

Bedding and Internal Structure

In sedimentary rocks, bedding 1s related to differences in texture, composition, and color, and
reflects changes 1n the environment of deposition and/or the source material Depending on the
depositional processes that are involved, beddmg boundaries may or may not represent a speafic

moment 1n time

Compton classifies bedding as repeated sequences of beds, shapes of individual beds, and cross-
bedding (cross-stratification) Repeated bedding 1s produced by cyclic changes in the sedimentary
processes Individual bed shapes are classified as tabular, lenticular, hnear, wedge-shaped, or
uregular Cross-stratification 1s classified on the basis of its external and internal characteristics
External forms of cross-stratification are tabular, wedge shaped, and trough shaped Internal
descriptive terms that are commonly used are graded, massive, laminated, and tangential (Figure
GT 1-7) Other internal features to be described include ripple marks, flow structures, burrows and
tubes, load casts, and desiccation cracks (mud cracks)

Fractures and Slickensides
Fractures should be described whenever they are present Fractures occur naturally in bedrock and

should not be confused with breaks induced by coring and handling The characterstics that should
be noted about the fracture are

. Whether the fracture 1s opened or healed

. The composition of the matenal filling the fracture, if any

. The angle of the fracture from the hornizontal

. The apparent displacement of bedding across the fracture

. Whether slickensides are present and the angle of any striations from the
borizontal

(4011-930-0062-930)(GTIREV .2)(03/02/92)
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BEDDING AND INTERNAL STRUCTURES

Cross-bedded rocks (A) Tabular sets with diagonal patterns (B) Wedge sets, showing
considerable erosion between each set  (C) Tabular to lenticular sets with tangential patterns,
typically, these are laminated marine beds (D) Symmetrical trough sets with distinctly linear

axes, typically, these are large-scale fluvial features The arrows indicate current directions
Taken from Compton, 1962
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FIGURE GT.1-7
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5§2.11 Moisture Content
The core will be described as dry, moust, or saturated, and the depth to the top of the saturated
mterval will be recorded If a static water level can be measured, it will be noted The moisture
content and static water level (if present) will be recorded 1n the field on the back of the core
logging form The core logger will include this information in the core description

52,12 Lithologic Description

Generally, ithologic descriptions should be made n the following order

. Top of bedrock, if present

. Main rock type with modifiers
. Color

. Grain size

. Degree of sorting

J Degree of rounding

] Porosity

. Cement

o Fniabihity

. Composition

. Bedding and internal structure
J Fractures and shckensides

. Monsture content

(4011-930-0062930)(GTIREV.2)(03/02/92)
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6.0 LOGGING

This section descrbes the field procedures used while logging

It 1s the responsibility of the logging personnel to ensure that all of the materials and equipment

needed for logging are at the site

6.1 LOGGING EQUIPMENT

The following 1s a hist of equipment that 1s necessary to properly log the alluvial and bedrock

material
. Core Reference Set
. Alluvial Reference Set
. Rock-Color Chart
. Logging forms
. Hand lens

Nos 4, 10, 40, 200, and 230 steves (8-inch) with lid and base

Six-foot metal tape measure in tenths of a foot

Core boxes (2 feet long, 5 columns each 2-1/2 nches wide) (such as, Boise

Cascade No 17-505 top and bottom)

Wood blocks (2-1/2 inches x 3/4 inches) for marking depths and sample locations

Jars for cuttings

Wentworth and/or Amstrat grain size charts
Knife

Aad (10 percent HCI) 1 squirt bottle

Water 1n squirt bottle

Black waterproof (permanent) markers and pens

Protective clothing and equipment (see Health & Safety Plan)

(4011-930-0062-930){ GTIREV 2)(03/02/92)
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. Flashhght

. Hammer

. Chipboard

. Table

. Duct tape

. Paper towels

. Plastic wrap

o Protractor

. Camera (35 mm) with film (Kodak color patch)

. Flat-bladed screwdriver

. Awl

. Bmnocular microscope

. Mortar and pestal

. Hot plate

. Spot plate

. 500 ml beakers

. 10 ml and 50 ml graduated cylinders

. Watch glass

62 CORES AND CUTTINGS

62.1  Scanning the Core

After an mterval of core has been cut and the sampler has been opened, the core will be scanned
for hazardous and radioactive contammation The field use of momtors for the detection of volatile
organics and radionuchdes 1s discussed in SOPs FO 8, Handling of Dniling Fluids and Cuttings,
FO 15, Photoiomzation Detectors (PIDs) and Flame Ionization Detectors (FIDs), and FO 16, Ficid
Radiological Measurements Once the core has been scanned, it will be handled n accordance with

(4011-930-0062-930)(GTIREV 2)(03/02/92)
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622

the Health and Safety Plan See Section 6 3, Core Boxes for a discussion on 1solating core sections
that are suspected of containing radioactive and/or hazardous substances

Percent Recovery

The core should be consohdated in the sampler, measured to the nearest tenth of a foot, and if
competent, etched with two parallel lines using an awl and a flat-bladed screwdnver The awl line
will be etched on the left side of the core, for the entire length of the core The screwdriver line
will be etched on the nght side of the core, for the entire length of the core These etched hnes
denote the "up” position All competent core will be etched with enough pressure so the hines are
readily visible, but not with enough pressure so the core’s features are obliterated or altered Once
etched, the core will be shd out onto the plastic wrap that has been placed in the core box The
interval drilled and the interval recovered will be recorded on the logging form Figure GT 1-8 1s
an example of a completed logging form Wood blocks with footage values marked on them n
black waterproof ik will be placed at each end of each core run Intervals of no recovery should
be recorded on wooden blocks and placed at approprnate locations i the core box. If only cuttings
were collected, a representative sample will be collected every 2 feet, unless drithng rates and/or
depth constraints make this impractical in which case 5-foot samples will be collected The EG&G
project manager will determine the collection interval The samples will be placed n labeled jars

i the core box.

If the cores or drill cuttings are logged at a separate location removed from the dnll site, the
following information will be recorded on Form GT 1B (located on the back of Form GT 1B)
generalized lithologic descriptions, mossture content, depth to water table, and all geochemical and
geotechnical sample numbers with corresponding sampling depths Cores and logging forms will
be delivered to the remote location within one day of filling each core box. The first four columns
of the log will either be filled out in the field, or the information to properly fill out the columns
will be provided on Form GT 1B

(4011-930-0062-930)(GTIREV 2)(03/02/92)
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623  Logging

The core or cuttings will be logged according to all of the procedures previously covered in this

sopP
62.4  Photographing the Core
Any and all photographing procedures must conform to plant security controls Each box of core
should be photographed with a 35 mm camera before it has been logged and sampled If the core
1s photographed at RFP, the camera will have to be cleared agipleéfilgn site until the project 1s
>
completed In addition, all of the film must be processed by MR An identification tag and a
Kodak color patch should appear 1n each photograph The 1dentification tag should contain
. The well name
. Footage values of the core 1n the box
. The box number and the total number of boxes for that borehole, such as Box 1 |
of 7
. Date core was taken
. Project number
625 Sampling

Samples that are taken for grain size analyses and permeameter tests should be removed only after
the core has been logged and photographed At the time a sample 1s taken, a wood block with the

following information must be placed

(4011-930-0062930)(GTIREV.2)(03/02/92)
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. Sample number
. Depth

. Purpose

. Date

. Company

Thus information will be marked on the wood block with a black waterproof (permanent) marker

6.3 CORE BOXES

The core boxes will be ssnilar to the boxes described 1n Subsection 6 1 above Each core box and
hd wil be marked with the following mmformation

. Well name

U Depth mterval

. Date

. Project name

. Well site geologist’s 1mitials

. Logger’s imtials (after logging 1s completed)
. Box number and the total number of boxes
. Appropnate hazardous waste labels

After samples have been scanned as discussed 1n Subsection 62 1, the core will be contamnenzed
Radiation and volatile organic analysis (VOA) readings will be written on the tops of the core
boxes Sections of the core suspected of contamning radioactive and/or hazardous substances wall
be removed, segregated by their potential contammnant characterization, and placed 1n core boxes
designated for potentially contaminated core The remaming core will then be placed mn separate
core boxes Wood blocks will be placed within the core boxes to mndicate the position where

(4011-930-0062930){ GTIREV.2)(03/02/92)
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7.0

potentially contaminated core sections were removed Blocks will be marked with the interval of

the core section removed and where the section can be located

The core boxes will be closed and secured in a manner such that core will not be disturbed or
mislocated during transportation Core boxes suspected of contaiming low-level radioactive
substances will be labeled with a "White I" radioactive label Core boxes suspected of containing
volatile orgamic or mixed substances will be labeled with a Department of Transportation "Other
Regulated Matenal Class E" (ORM-E) label (see SOP FO 10, Receving, Labeling, and Handhing
Environmental Materials Containers) If the suspected contamination 1s mixed substances, the core
box will also be marked with the words "SUS RAD" for suspected radioactive contamination

Core boxes suspected of containing radioactive and/or hazardous substances will be stored mn a

facihity designated for potentially contaminated core All other core boxes will be stored at the main
T

core storage faciity at

DOCUMENTATION

A permanent record of the implementation of this SOP will be kept by documenting all information
required by the SOP on the Borehole Log Form (Form GT 1A) Dnlling activities will also be
documented on the hollow-stem auger or rotary and core drilling Field Actimties Report Forms (see
SOP GT 2, Drilling and Samphing Using Hollow-Stem Auger Techmques, and SOP GT 4, Rotary

Dnilhing and Rock Cornng)

The logger will primanly be responsible for each aspect and each procedure

{4011:930-0062930)(GTIREV.2)(03/02/92)
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US DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.l1A (REV 2)

ROCKY FLATS PLANT BOREHOLE LOG PAGE ___OF
Borehole Number Surface Elevation
Locaton-North _____ ___FEast ____ Area
Date TotalDepth
Geologist Company Project No
Drilling Equip Sample Type
£=£=3% LOGGING SUPERVISOR
APPROVAL DATE
3 z _l¥2 gl L« 4| z 2
E¥x|E. %|9za3] 4 g&i 2 a5 |« m 58
881855 st 2812813 Ed 13
% e g S : E§'§ E § g ¢ B g g g 22 & 8 g 8 SAMPLE DESCRIPTION
U < o
S
- —

L L |
] |

NOTES General USCS is modified for this log as follows
Matenals amounts are estmated by % volume instead of % weight
(1) Badly broken core, accurate footage measurements not possible
(2) Core breaks cannot be matched, accurate footage measurements not possible

(4011 930-0134-930)Form GT 1AX03/01/92)




U.S DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV 2)

ROCKY FLATS PLANT BOREHOLE LOG PAGE _Z_oF _Z_
Borehole Number Surface Elevation 592 §t
Location - North East Area
Date Total Depth
Geologist _J_B%_S}.cmhﬂmhﬂs Company :EE%%; Project No QL) #
Driing Equip _CME 75 Sample Type Lonkinuous Core.
B LOGGING SUPERVISOR
APPROVAL DATE
3 z
§§xf::’ 3(82.9 ug Bu [29185|ag | 2 g
3lgsz|sindl 28 22 |83 | EF 33
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Runelo g' | |9 5??% SM — I\ — Mer.r!r\:e. ye.l\owns\« brown (OVRS/
rg 37'}»/{: B R Sand: coarse gramea\, subansu\ar
e s Gravel® avg. size = $ 5 inches
izef |yl 47/ 12 — max, size = | d inch
€ ¢ ’ Subangular ko ar\su\m‘
3| 9 | \(sle. \\Jcaracxe.o\; ‘S and predom
030 M 9' |y N var ) 3rave Prr.JoM
59 a g 3—\/|ava 2 and Feldspar
N ) (D] rr‘ d\c\ka) dr-y
ie "
53lua| R \>
- c Sand 14 9-1e.5
44%, Sanc\y C\ay with Lrace o¥F silk
Si Dusky yellowish brown (|0 YR %) ko
) 47 dack yellowish brown 10 YR Y2)
B Sand® Tine ra’men\; su\aansu\ar
€ Low P\as*\:Qc.\ ) c\r)’
, A
o5 [Re843 | |y Top ot mmg% ak 16,5
8 - I~ Claystone 16 5-20.5
B+ Clay — 17 —1T-=-] Dusky ye.“ow;s»\ berown (|¢YKVZ)
Y | _[==|Some carbonaceous material,
N 3 Rydy! moc\e.ra&\y ‘-r'\ab\&‘, morst.
N " —\8 — W
05 H |
1 =
g n -‘g-.a oy
8ol Mg — 19—
I e
m - -
NOTES General USCS i1s modified for this log as follows
Materials amounts are estimated by % volume instead of % weight
(1) Badly broken core, accurate footage measurements not possible
(2) Core breaks cannot be matched, accurate footage measurements not possible
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UNIFIED SOIL CIASSIFICATION SYSTEM

APFENDIX B

CHARACTERISTICS OF SOIL GROUPS FERTAINING TOC
ROADS AND AIRFIELDS

Introduction

l. The properties desired in soils for foundations under rocads
and airfields and for base courses under flexible pavements are. ade-
quate strength, good compaction characteristics, adequate drainage, re-
sistance to frost action in areas where frost 1is a factor, and acceptable
ccmpression and expansion characteristiecs. Certain of these properties,
1f ipadequate in the soils available, may be supplied by proper construc-
tion wethods. For instance, materials having good drainage characteristics
are desirable, but if such materials are not available locally, adequate
drainage may be obtained by installing a properly designed water collect-
ing system. Strength requirements for base course materials, to be used im-
mediately under the pavement of a flexible pavement structure, are high and
only good quality materials are acceptable. However, low strengths in
subgrade materials may be coumpensated for in many cases by increasing
the thickness of overlying concrete pavement or of base materials in
flexible pavement construction. From the foregoing brief discussion, 1t
mey be seen that the proper design of rcads and airfield pavements requires
the evaluation of soil properties in more detail than 1s possible by use
of tne general soils classification system. However, the grouping of
soils in the classification system is such that a general indication of
their behavior in rcad and airfield construction may be obtained.

Features Shown on Soils Classification Sheet

2. General characteristics of the soil groups pertinent to rcads
and airfields are presented in table Bl. Columns 1 through 5 show major

.
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soil divisions, group symbols, hatching and color symbols, column 6 gives
names of soil types, column 7 evaluates the performance (strength) of the
soil groups when used as subgrade materisls that will not be subgect to
frost action, column 8 and column 9 make a similar evalustion for the
soils when used as subbase and base materials; potential frost action is
shown in column 10, compressibility and expansion characteristics are
shown in column 11, column 12 presents drainage characteristics, column
13 shows types of ccmpaction equipment that perform satisfactorily on

the various soil groups; column 1% shows ranges of unit dry weight for
compacted soils, column 15 gives ranges of typical California Bearing
Ratio (CER) values, and column 16 gives ranges of modulus of subgrade
reaction (k). The various features presented are discussed in the fol-

lowing paragraphs.

Subdivision of
coarse-grained soil groups

3. It will be noted in column 3, letter symbols, that the basic
soil groups, GM and SM, have each been subdivided into two groups desig-

nated by the suffixes d and u which have been chosen to represent desir-
able and less desirable (undesirable) base materials, respectively. This
subdivision applies to roads and airfields only and is based on field ob-
servation and laboratory tests on the behavior of the soils in these
groups. DBasis for the subdivision is the liquid limit and plasticity
index of the fraction of the soill passing the No. 4O sieve. The suffix

d is used when the liquid limit as 25 or less and the plasticity index

is 5 or less; the suffix u is used otherwise. Typical symbols for soils
in these groups are GMd and SMu, etc.

Values of soils as subgrade,
subbase, or base materials

4. The descriptions in columns 7, 8, and 9 give a general indica-
tion of the suitability of the soil groups for use as subgrades, subbase,
or base materials, provided they are not subject to frost action. In
areas where frost heaving is a problem, the value of materials as sub-
grades or subbases will be reduced, depending on the potential frost
action of the materiasl, as shown in column 10. Proper design procedures
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test values should be used for this purpose instead of the approximate
values shown in the tabulation.

5. For wearing surfaces on unsurfaced roads sand-clay-gravel mix-
tures (GC) are generally considered the most satisfactory. However, they
should not contain too large a percentage of fines and the plasticity in-
dex should be in the range of 5 to about 15,

Potential frost action

6. The relative effects of frost action on the various soil groups
are shown in column 10. Regardless of the frost susceptibility of the
various soil groups two conditions must be present simultaneously before

frost action will be a major consideration. These sre a source of water
during the freezing period and & sufficient period for the freezing tem-
perature to penetrate the ground. Water necessary for the formation of
ice lenses may become available from a high ground-water table, capillary
supply, water held within the soil voids, or through infiltration. The
degree of ice foarmation that will occur in any given case is markedly in-
fluenced by envirommental factors such as topographic position, stratifi-
cation of the parent soil, transitions into cut sections, lateral flow
of water from side cuts, localized pockets of perched ground water, and
drainage conditions. In general, the silts and fine silty sands are the
worst offenders as far as frost is concerned. Coarse-grained materials
with little or no fines are affected only slightly if at all. Clays (CL
and CH) are subject to frost action, but the loss of strength of such
materials may not be as great as for silty soils. Inorganic soils con-
taining less than three per cent of grains finer than 0.02 mm in diameter
by weight are generally nonfrost-susceptible. Where frost-susceptible
soils are encountered in subgrades and frost is a definite problem, two
acceptable methods of design of pavements are available. Either a suf-
ficient depth of acceptable granular material is placed over the soils

to prevent freezing in the subgrade and thereby prevent the detrimental
effects of frost action, or a reduced depth of granular material is used,
thereby allowing freezing in the subgrade, and design is based on the
reduced strength of the subgrade during the frost-melting period. In
wmany cases appropriate drainage measures to prevent the accumulation of
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UNIFIED SOIL CLASSIFICATION SYSTEM

APPENDIX B

CHARACTERISTICS COF SOIL GRQUPS FERTAINING TO
RQADS AND AIRFIELDS

Introduction

l. The properties desired in soils for foundations under rcads
and airfields and for base courses under flexible pavements are ade-
quate strength, good compaction characteristics, adequate drainage, re-
sistance to frost action in areas where frost 1s a factor, and acceptable
ccmpression and expansion characteristics. Certain of these properties,
1f inadequate in the soils available, way be supplied by proper construc-
tion methods. For instance, materials having good drainage characteristics
are desirable, but if such materials are not available locally, adequate
drainage may be obtained by installing a properly designed water collect-
ing system. Strength requarements for base course materials, tc be used im-
rediately under the pavement of a flexible pavement structure, are high and
only good quality materials are acceptable. Hcwever, low strengths in
subgrade materials may be compensated for in many cases by increasing
the thickness of overlying concrete pravement or of base materials in
flexible pavement construction. Frem the foregoing brief discussion, it
may be seen that the proper design of rcads and airfield pavements requaires
the evaluation of soil properties in more detail than i1s possible by use
of tne general soils classification system. However, the grouping of
soils in the classification system is such that a generel indication of
their behavior in rcad and airfield construction may be obtained.

Features Shown on Soils Classification Sheet

2. General characteristics of the soil groups pertinent to rcads
and airfields are presented in table Bl. Columns 1 through 5 show major
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should be used in situations where this is a problem. The coarse-grained
soils in general are the best subgrade, subbase, and base materials. The
GV group bas excellent qualities as a subgrade and subbase, and 1s good
as base material. It 1s noted that the adjective "excellent" 1s not

used for any of the soils for base courses, 1t is considered that the
adjective "excellent" should be used in reference to a high quality
processed crushed stone. Poorly-graded gravels and some silty gravels,
groups GP and GM3d, are usually only slightly less desirable as subgrade
or subbase materials, and under favorable conditions may be used as base
materials for certain conditions, however, poor gradation and other factors
sceetimes reduce the value of such soils to such extent that they offer
only moderate strength and therefore their value as a base material 1is
less. The GMu, GC, and SW groups are reasonably good subgrade materials,
but are generally poor to not suitable as bases. The SP and SMd soils
usually are considered fair to good subgrade and subbase materials but

in general are poor to not suitable for base materials. The SMu and SC
soils are fair to poor subgrade and subbase materials, and are not suit-
able for base materisls. The fine-grained soils range frcm fair to very
poor subgrade materials as follows: silts and lean clays (ML and CL),
fair to poor, organic silts, lean organic clays, and micaceous or diato-
maceous soils (OL and MH), poor, fat clays and fat organic clays (CE and
OH), poor to very pocr. These qualities are compemsated for in flexaible
pavement design by increasing the thickness of overlying base material,
and in rigid pavement design by increasing the pavement thickness or by
the addition of a base course layer. None of the fine-grained soils are
suitable as subbase or base materials. The fibrous organic soils (groap
Pt) are very poor subgrade materials and should be removed wherever pos-
sible; otherwise, special construction measures should be adopted. They
are not suitable as subbase and base materials., The California Bearing
Ratio (CER) values shown in column 15 give a relative indication of the
strength of the various soil groups as used in flexible pavement design.
Similarly, values of subgrade modulus (k) in column 16 are relative in-
dications of strengths from plate-bearing tests as used in rigid pavement
design. As these tests are used for the design of pavements, actual
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test values should be used for this purpose instead of the approximate
values shown in the tabulation.

5. For wearing surfaces on unsurfaced roads sand-clay-gravel mix-
tures (GC) are generally considered the most satisfactory. However, they
should not contain too large a percentage of fines and the plasticity in-
dex should be in the range of 5 to about 15.

Potential frost action

6. The relative effects of frost action on the various soil groups

are shown in column 10. Regardless of the frost susceptibility of the

various soil groups two conditions must be present simultaneously before

frost action will be a major consideration. These are a source of water
during the freezing pericd and & sufficient period for the freezing tem-
perature to penetrate the ground. Water necessary for the formation of
ice lenses may become available from a high ground-water table, capillary
supply, water held within the soil voids, or through infiltration. The
degree of ice formation that will occur in any given case is markedly in-
fluenced by envirommental factors such as topographic position, stratifi-
cation of the parent soil, transitions into cut sections, lateral flow

of water from side cuts, localized pockets of perched ground water, and
drainage conditions. In general, the silts and fine silty sands are the
worst offenders as far as frost is concerned. Coarse-grained materials
with little or no fines are affected only slightly if at all. Clays (CL
and CH) are subject to frost action, but the loss of strength of such
wmaterials may not be as great as for silty soils. Inorganic soils con-
taining less than three per cent of grains finer than 0.02 mm in diameter
by weight are generally nonfrost-susceptible. Where frost-susceptible
soils are encountered in subgrades and frost is a definite problem, two
acceptable wethods of design of pavements are available. Either a suf-
ficient depth of acceptable granular material is placed over the soils

to prevent freezing in the subgrade and thereby prevent the detrimental
effects of frost actlon, or a reduced depth of granular material is used,
thereby allowing freezing in the subgrade, and design is based on the
reduced strength of the subgrade during the frost-melting period. 1In
many cases appropriate drainage measures to prevent the accumulation of
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water in the soil pores will help to diminish ice segregation in the sub-
grade and subbase.

Ccmpressibility and expansion

T. These characteristics of soils may be of two types insofar as
their applicability to road and runway design is concerned. The first
1s the relatively long-term compression or consolidation under the dead
welght of the structure, and the second is the short-term ccupression
and rebound under moving wheel lcads. The long-term consolidation of
soils becomes a factor in design primarily when heavy fills are made on
compressible soils. If adequate provision is made for this type of
settlement during construction it will have little influence on the lcad-
carrying capacity of the pavement. However, when elastic soils subject
to compression and rebound under wheel load are encountered, adequate
protection must be provided, as even small wovements of this type soil
may be detrimental to the base and wearing course of pavements. It is
fortunate that the free-draining, coarse-grained soils (GW, GP, SW, and
SP), which in general make the best subgrade and subbase materials, ex-
hibit almost no tendency toward high coumpressibility or expansion. In
general, the couwpressibilaity of soils increases with increasing liquid
limat. The foregoing is not ccupletely true, &s compressibility is also
influenced by soil structure, grain shape, previous loading history, and
other factors that are not evaluated in the classification system. Un-
desirable compressibility or expansion characteristics may be reduced by
distribution of load through a greater thickness of overlying material.
This, in general, is adequately handled by the CBR method of design for
flexible pavements; however, rigid pavements may require the addition of
an acceptable base course under the pavement.

Drainage characteristics
8. The drainage characteristics of soils are a direct reflection

of their permeability. The evaluation of drainage characteristics for

use in roads and runways is shown in column 12. The presence of moisture
in base, subbase, and subgrade materials, except for free-draining, coarse-
grained soils, may cause the development of pore water pressures and loss

of strength. The moisture may come from infiltration of rain water or by
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MII-STD-621A. These values are included primarily for guadance design

or control of construction should be based on test results

Graphical Presentation of Soils Data

10. Tt 1s customary to present the results of soils explorations
on drawings as schematic representations of the borings or test pits or
on soil profiles with the various soils encountered shown by appropraate
symbols As one approach, the group letter symbol (CL, etc.) may be
written in the appropriate section of the log. As an alternative, hatch-
ing symbols shown in column 4 of table Bl may be used. In addition, the
natural water ccntent of fine-grained soils should be shown along the
side of the log. Other descriptive abbreviations may be used as deemed
appropriate. In certain special instances the use of color to delineate
so1l types on maps and drawings 1s desirable. A suggested color scheme
to show the major soil groups i1s described in column 5 of table Bl.




qm.h Designation D 422 - 63 (Reapproved 1972)¢"
)

Standard Method for

Particle-Size Analysis of Soils’

This standard 1s 1ssued under the fixed designation D 422 the number immediatelv following the designation ndicates the vear of
onginal adopuon or 1n the case of revision the vear of last revision A number 1n parentheses indicates the vear of last reapproval A
superscnpt epsiion (¢) indicates an editonal change since the last revision or reapproval

¢! NoTe—Section 2 was added editonallv and subsequent sections renumbered 1n Julv 1984

1 Scope

1 1 This method covers the quanutative determination of
the distnbution of parucle sizes 1n soils The distnibution of
partcle sizes larger than 75 um (retained on the No 200
sieve) 1s determined bv sieving, whiie the distnbution of
particle sizes smaller than 75 um 1s deterrmmned by a
sedimentation process, using a hvdrometer to secure the
necessarv data (Notes | and 2)

NOTE | —Separation mav be made on the No 4 (4 75-mm), No 40
(425-um), or No 200 (75-um) sieve instead of the No 10 For whatever
sieve used. the size shail be indicated 1n the report.

NoTE 2—Two types of dispersion devices are provided (/) a
high-speed mechanical surrer and (2) air dispersion Extensive mnvesu-
gauons indicate that air-dispersion devices produce a more posiuve
dispersion of plastic sotls below the 20-um size and appreciably less
degradation on all sizes when used with sandv soils. Because of the
defimite advantages favoning air dispersion, its use ts recommended. The
results from the two types of devices differ 1o magnitude, depending
upon sou type, ieading to marked differences 1n partucle size distnbu-
uon, especially for sizes finer than 20 pum.

2, Referenced Documents

21 ASTM Standards

D421 Practice for Dry Preparation of Soil Samples for
Particie-Size Analvsis and Determination of Soil
Constants®

E 11 Specificauon for Wire-Cloth Sieves for Tesung
Purposes®

E 100 Specification for ASTM Hydrometers*

3 Apparatus

3t Balances—A balance sensittve to 0 01 g for weighing
the matenal passing 2 No 10 (2 00-mm) sieve. and a balance
sensitive to 0 | % of the mass of the sample to be weighed for
weighing the matenal retained on a No 10 sieve

32 Surring Apparatus—Either apparatus A or B may be
used

321 Apparatus A shall consist of a mechancailv oper-
ated surnng device in which a suitablv mounted electnc
motor turns a vertical shaft at a speed of not less than 10 000
m™m without load The shaft shall be equpped with a

! This method s under the junsdicuon of ASTM Commuittee D-13 on So and
Rock and 1s the direct responsibiiity of Subcommittee D18 03 on Texture.
Plasucitv and Density Charactensucs of Sods.

o C;umm edition approved Nov 2! 1963 Ongnallv published 1935 Repiaces
422-62

% dnnual Book of ASTM Siandards Vol 04 08

* Annual Book of 4STV Siandards Vol 1402,

* {nnual Book of 1ST\ Standurds ol 1401

87

replaceable surnng paddle made of metal plasuc or hard
rubber as shown in Fig | The shaft shall be ot such length
that the sturnng paddle will operate not less than % 1n (190
mm) nor more than 12 1n (38 | mm) above the bottom of
the dispersion cup A special disperston cup conforming to
erther of the designs shown 1n Fig. 2 shall be provided to hold
the sample while 1t 1s being dispersed

322 Apparatus B shall consist of an air-jet dispersion
cup® (Note 3) conforming to the general details shown 1n Fig
3 (Notes 4 and 5)

Note 3—The amount of air required by an air-jet dispersion cup 1s
of the order of 2 ft*/min some smail air compressors are not capable of

suppiving suffictent air to operate a cup

NoTE 4—Another air-tvpe dispersion device known as a dispersion
tube developed bv Chu and Dawvidson at Jowa State College has been
shown 1o give results equivalent 10 those secured by the air-jet dispersion
cups When 1t 1s used. soaking of the sample can be done in the
sedimentatuon cylinder, thus ehminanng the need for transfernng the
slurry When the air-cispersion tube 1s used, st shall be so indicated 1n
the report

Nore 5—Water may condense 1n air hnes when not 1n use Ths
water must be removed. erther bv using a water trap on the air line, or bv
blowing the water out of the line before using any of the airr for

dispersion purposes.

33 Hyvdrometer—An ASTM hydrometer, graduated to
read 1n erther specific gravity of the suspension or grams per
itre of suspension and conformung to the requirements for
hydrometers [ 51H or 152H 1n Specifications E 100 Dimen-
sions of both hydrometers are the same, the scale being the
only item of difference

3 4 Sedimentanion Cviinder—A glass cylinder essenniailv
18 1n (457 mm)n heght and 2% 1n (63 5 mm) in diameter
and marked for a volume of 1000 mL. The inside diameter
shall be such that the 1000-mL mark 15 36 + 2 cm from the
bottom on the mside

35 Thermometer—A thermometer accurate
050

3 6 Sieves—A senes of sieves. of square-mesh woven-wire
cloth conforming to the requirements of Specification E 11
A full set of sieves includes the following (Note 6)

to I°F

3 Detailed working drawings for this cup are available at a nominal cost from
the Amencan Socety for Tesung and Matenais, 1916 Race St.. Philadeiphia PA
19103 Order Adjunct No 12-404220-00



&b D 422

e

LNo 18 8W Ga=0 049"

3/5"
Chrome Plated
Punch .
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FIG 1 Detaii of Strnng Paddies
3-4n (75-mm) No 10 (2 00-mm) ”
2an (50-mm) No 20 (850-um) t—3 75" lhom ——— b3 75 "l ———
1%+tn (37 5 mm) No 40 (425-um) H
f<tn (25 0-mm) No 60 (250-um)
Yeun (19 O-mm) No 140 (106-um)
Yein. (9 5-mm) No 200 (75-um)
No 4 (4 75-mm)

NOTE 6—A set of sieves giving uniform spacing of poats for the
graph, as required 1o Secuon 17, may be used if desired. Thus set consists
of the following sieves

3-n (75-mm) No 16 (1 18-mm)
1%-n (37 5-mm) No 30 (600-4um)
Yernn (19 0-mm) No 50 (3004uum)
Hetn (9 S-mm) No 100 (150-um)
No 4 (4 75-mm) No 200 (75-um)
No 8(2 36-mm)

37 Water Bath or Constant-Temperaiure Room—A
water bath or constant-temperature room for mamntaining
the so1l suspension at a constant temperature dunng the
hvdrometer analvsis A sauisfactory water tank s an insulated
tank that maintains the temperature of the suspension at a
convenient constant temperature at or near 68°F (20°C)
Such a device 1s 1llustrated 1n Fig. 4 In cases where the work
1s performed 1 a room at an automatically controlied
constant temperature, the water bath is not necessary

38 Beaher—A beaker of 250-mL capacity

39 Tinmung Device—A watch or clock with a second
hand

4. Dispersing Agent

4 1 A soluuon of sodium hexametaphosphate (sometimes
called sodium metaphosphate) shall be used 1n distilled or
deminerahized water, at the rate of 40 g of sodum
hexametaphosphate/litre of solutnon (Note 7)

Note 7—Solutions of this salt. if acxdic, slowly revert or hydrolyze
back to the orthophosphate form with a resultant decrease 1n dispersive
acuon Solutions should be prepared frequently (at least once a month)
or adyusted 10 pH of 8 or 9 by means of sodium carbonate Botties

containing solutions should have the date of preparation marked on
them

42 All water used shall be etther disulled or
demineralized water The water for a hvdrometer test shall

88

>u

Baffle
l Plan

b—26 “diom —|
Metnc Equivaients
n. 13 26 375
mm 33 66 95.2

FIG. 2 Dispersion Cups of Apparatus

be brought to the temperature that 1s expected to prevail
dunng the hydrometer test. For exampie, if the sedimenta-
tion cylinder 1s to be placed in the water bath, the distilied or
demineraized water to be used shall be brought 10 the
temperature of the controlled water bath, or, if the sedimen-
tation cylinder 1s used 1n a room with controlled tempera-
ture, the water for the test shall be at the temperature of the
room The basic temperature for the hydrometer test 1s 638°F
(20°C) Small vanauons of temperature do not introduce
differences that are of practical significance and do not
prevent the use of corrections denved as prescnibed

s
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FIG. 3 Awr-Jet Dispersion Cups of Apparatus B

5 Test Sample

5 1 Prepare the test sample for mechanical analvsis as
outhined in Practice D 421 Dunng the preparauon proce-
dure the sample 1s divided 1nto two portions One poruon
contains only parucles retained on the No 10 (2 00-mm)
sieve while the other portion contains only parucles passing
the No 10 sieve The mass of air-dned soil selected for
purpose of tests, as prescribed 1n Practice D 421, shall be
sufficient to wield quannuties for mechamical analysis as
follows

511 The size of the portion retained on the No 10 sieve
shall depend on the maximum size of particle. according to
the following schedule-

Nominal Diameter of

Largest Parucles, Approximate Minimum
m (mm) Mass of Poruon. g
L N C)] 500
Y. (190) 1000
1 (259 2000
1A (38 1) 3000
2 (508) 4000
3 (762) 5000

512 The size of the portion passing the No 10 sieve shall
be approximately 115 g for sandv soils and approximatelv 65
g for silt and clay souls.

52 Prowvision 1s made 1n Section 5 of Practice D 421 for
weighing of the air-dry soil selected for purpose of tests, the
separation of the soil on the No 10 sieve by dry-sieving and
washing, and the weighing of the washed and dnied fracuon
retained on the No 10 sieve From these two masses the
percentages retained and passing the No. 10 sieve can be
calculated 1n accordance with 12.1

NOTE 8—A check on the mass values and the thoroughness of
pulvenzation of the clods mav be secured bv weighing the portion
Passing the No 10 sieve and adding this value to the mass of the washed
and oven-dned portion retuned on the No. 10 sieve

SIEVE ANALYSIS OF PORTION RETAINED ON NO 10
(2.00-mm) SIEVE

6 Procedure

6 1 Separate the poruon retained on the No 10 (200-
mm) sieve 1nio a senes of fractions using the 3-in (75-mm)
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2an (50-mm), 1%-n (37 5-mm), 1-in (25 0-mm), %-in
(19 0-mm), %-m (9 5-mm), No 4 (4 75-mm), and No 10
sieves or as many as mav be needed depending on the
sample. or upon the specifications for the matenal under
test.

6 2 Conduct the sieving operauon by means of a lateral
and vertical motion of the sieve, accompanied by a jamng
action 1n order to keep the sampie moving conunuously over
the surface of the steve In no case turn or manipulate
fragments 1n the sample through the sieve bv hand Continue
sieving unul not more than | mass % of the residue on a
sieve passes that sieve dunng | min of sieving. When
mechanical sieving 1s used. test the thoroughness of sieving
by using the hand method of sieving as descnbed above

6 3 Determine the mass of each fraction on a balance
conforming to the requirements of 31 At the end ot
weighing, the sum of the masses retained on all the sieves
used should equal closelv the onginal mass of the quanuis
sieved

-
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HYDROMETER AND SIEVE ANALYSIS OF PORTION
PASSING THE NO 10 (2 00-mm) SIEVE

7 Determination of Composite Correction for Hydrometer
Reading

7 | Equauons for percentages of soil remaining in suspen-
sion as given n 14 3 are based on the use of disulied or
demineralized water A dispersing agent is used in the water
however, and the speaific gravity of the resulung hquid 1s
appreciablv greater than that of disulled or gemineralizea
water

7 1 1 Both soil hvdrometers are calibrated at 68°F (20°C),
and vanauons in temperature from this stanaard tempera-
ture produce 1naccuracies in the actual hvdrometer readings
The amount of the inaccuracy increases as the vanauon
from tne standard temperature 1ncreases

7 1 2 Hydrometers are graduated bv the manufacturer to
be read at the bottom of the meniscus formed by the hquid
on the stem Since 1t 15 not possible to secure readings of soil
suspenstons at the bottom of the meniscus. readings must be
taken at the top and a correcuon apphed

7 13 The net amount of the correcuons for the three
1tems enumerated 15 designated as the compostie correcuon.
and mav be determined expenmentallv

72 For convemence a graph or tabie of composite
correcuons for a senes of 1° temperature differences for the
range of expected test temperatures mav be prepared and
used as needed. Measurement of the composite corrections
may be made at two temperatures spanmng the range of
expected test temperatures. and correcuons for the mterme-
diate temperatures calculated assuming a straight-hine rela-
uonship between the two observed values.

7.3 Prepare 1000 mL of hquid composed of disulled or
demineralized water and dispersing agent in the same
proporton as will prevail 1n the sedimentanon (hydrometer)
test. Place the hquid 1n a sedimentauon cvciinder and the
cylinder 1n the constant-temperature water bath. set for one
of the two temperatures to be used. When the 1emperature of
the hqud becomes constant. insert the hvdrometer, and.
after a short 1nterval to permut the hydrometer to come to the
temperature of the hiquid. read the hydrometer at the 1op of
the meniscus formea on the stem. For hvdrometer 151H the
compostie correction 1s the difference between this reading
and one- for hvdrometer 152H 1t 1s the difference berween
the reading and zero Bnng the liquid and the hvdrometer to
the other temperature 10 be used. and secure the composne
correction as before.

8. Hygroscopic Moisture

8 1 When the sampie 1s weighed for the hvdrometer test.
wergh out an auxiharv poruon of from 10 to 15 g in a small
metal or glass container. drv the sampie to a constant mass 1n
an oven at 230 = 9°F (110 = 5°C), and weigh again. Record
the masses

9. Dispersion of Soil Sampie

91 When the soil 1s mostv of the clav and silt sizes, weigh
out a sample of air-drv soul of approximatelv 50 g. When the
soil 1s mostly sand the sampie should be approximateiv 100

g

92 Place the sample 1n the 250-mL beane- ana cover wigh
125 mL of sodium hexamewpnospnale sotuuon (40 /L)
Sur unul the soil 1s thoroughlv wetted. Allow 10 soak for at
least 16 h

93 At the end of the soaking period. disperse the sampie
further, using either surnng apparatus A or B If sumng
apparatus A 1s used, transfer the soil - water siurry from the
beaker 1nto the special dispersion cup shown 1n Fig. 2
washing anv residue from the beaker mto the cup wath
disulled or demmneralized water (Note 9) Add disullea or
demineralized water if necessarv, so that the cup 1s more
than haif full Sur for a perioa of | min

NOTE 9—A large sze svringe 1s a convement device for handling the
water 1n the washing operauon Other dewvices inciude the wash-water
botte and 2 hose with nozzie connected 10 2 pressunzed disulled wazer
tank,

94 If summng apparatus B (Fig. 3) 1s used. remove the
cover cap and connect the cup to a compressed air supply by
means of a rubber hose. A air gage must be on the imne
between the cup and the control valve. Open the control
valve so that the gage indicates 1 ps1 (7 kPa) pressure (Note
10) Transfer the soil - water siurry from the beaker to the
arr-jet dispersion cup bv washing with disulled or
demineralized water Add disulled or deminerahized water, if
pecessary, so that the total volume 1n the cup 1s 250 mL, but
no more.

Note 10—~—The 1mal air pressure of 1 pa 15 required 10 prevent the
soul - water muxture from entenng the air-jet chamber when the mixrure
15 transferred 1o the dispersion cup.

9.5 Place the cover cap on the cup and open the air
control valve until the gage pressure 1s 20 ps1 (140 kPa)
Dusperse the soil according to the foliowing scheduie:

Plasterty Index msn
Under § 5
61020 10
Over 20 15

Souls contaiming large percentages of mica need be dispersed
for only | mun. After the dispersion peniod, reduce the gage
pressure t0 | ps1 preparatory to transfer of soil - water slurry
10 the sedimentanon cylinder.

10. Hydrometer Test

10 1 Immediateiv after dispersion. transfer the soil - water
slurry 10 the glass sedimentauon cylinder, and add disnlled
or demineraiized water unul the total volume 1s 1000 mL.

10.2 Using the palm of the hand over the open end of the
cyhinder (or a rubber_stopper in the open end), turn the
cylinder upside down and back for a penod of | min to
compiete the agiation of the slurry (Note 11) At the end of
1 mun set the cylinder in a convenient location and take
hydrometer readings at the following intervals of tme
(measured from the beginning of sedimentauon), or as many
as may be needed. depending on the sampie or the specifica-
uon for the matenal under test 2. 5, 15, 30 60. 250. and
1440 mun. If the controlled water bath 1s used. the sedimen-
rauon cyhinder should be piaced in the bath between the 2-
and 5-min readings.

NOTE 11—The number of turns dunng this minute should be
approximatetv 60 counung the turn upside down and back as two turns.
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103 When 1t 1s desired to take a hydrometer reading,
carcfully insert the hvdrometer about 20 to 25 s before the
reading 1s due to approximately the depth 1t will have when
the reading 1s taken As soon as the reading 1s taken, carefullv
remove the hvdrometer and place 1t with a spinning mouon
in a graduate of clean distlled or demineralized water

NOTE 12—t 1s 1mponant to remove the hvdrometer immedately
aner cach reading. Readings shail be taken at the top of the memscus
tormed by the suspension around the stern since it 3s not possiole 10
secJre "eadings ai the bortom o1 the meniscus

104 After each reading, take the temperature of the
suspension bv inserung the thermometer nto the suspen-
sion

11 Sieve Analysis

111 After waking the final hvdrometer reading, transfer
the suspension to a No 200 (75-um) sieve and wash with tap
water unul the wash water 1s clear Transfer the matenal on
the No 200 sieve to a suntable container dry in an oven at
230 = 9°F (110 = 5°C) and make a sieve analvsis of the
portion retained. using as manv sieves as desired. or requured
for the matenal. or upon the specificauon of the matenal
under test.

CALCULATIONS AND REPORT

12. Sieve Analysis Vaiues for the Pornon Coarser than the
No. 10 (2.00-mm) Sieve

12.1 Calculate the percentage passing the No. 10 sieve by
dividing the mass passing the No 10 sieve by the mass of soul
ongnally spiit on the No. 10 sieve. and multipiving the result
bv 100 To obtain the mass passing the No 10 sieve, subtract
the mass retained on the No 10 sieve from the onginal mass.

122 To secure the total mass of soil passing the No 4
{4 75-mm) sieve. add to the mass of the matenal passing the
No 10 sieve the mass of the fracnon passing the No 4 sieve
and retauned on the No 10 sieve. To secure the total mass of
soi passing the %-1n (9 5-mm) sieve, add to the total mass of
so1l passing the No 4 sieve. the mass of the fraction passing
the %-in. sieve and retaned on the No. 4 sieve. For the
remaining sieves, conttnue the calculations 1n the same
manner

12.3 To determine the total percentage passing for each
sieve, divide the total mass passing (see 12.2) by the touwal
mass of sample and muluply the resuit by 100.

13. Hygroscopic Moisture Correcnon Factor

131 The hvdroscopic moisture correction factor 1s the
rauo between the mass of the oven-~dried sampie and the
air-dry mass before drving. It 1s 2 number less than one.
¢xcept when there 1s no hygroscopic moisture.

14 Percentages of Soil in Suspension

14 1 Caiculate the oven-drv mass of soll used in the
hvdrometer analvsis bv multipiving the air-drv mass by the
hygroscopic moisture correction factor

91

TABLE 1 Values of Correction factor a for Oifferent Specitic
Gravities of Sod Parncies

Speciic Crawity Correcoon Facror*
295 094
290 [13: 1]
285 096
280 097
275 098
270 0.99
265 100
260 101
255 102
250 103
245 105

A €or use N equanon tor percentage of sod reManing N SUSPENION when using

Hyarometer 152H

14 2 Calculate the mass of a total sample represented by
the mass of soil used in the hydrometer test, by dividing the
oven-drv mass used by the percentage passing the No 10
(2 00-mm) sieve, and muitpiving the result by 100 This
value 1s the weight W in the equation for percentage
remaiming 1n suspeasion

14 3 The percentage of sol remainng in suspension at the
level at which the hydrometer 1s measunng the density of the
suspension may be calculated as follows (Note 13) For
hydrometer 151H.

P = {(100 000/ W) X GG - G)XR - Gl)
NoTE 13—The bracketed portion of the equauon for hvdrometer

151H 1s constant for a senies of readings and mav be calculated first and
then muitphed by the poruon 1n the parentheses.

For hydrometer 152H
P = (Ra/W) % 100

where

a = correction faction to be apphied to the reading of
hydrometer 152H. (Values shown on the scale are
computed using a specific gravity of 2.65. Correction
factors are gaven 1n Table 1),

P = percentage of soil remamming m suspension at the level
at which the hydrometer measures the density of the
suspension

R = hydrometer reading with composite correction ap-
phed (Secuon 7),

W = oven-dry mass of soid wn a total test sample repre-
sented by mass of soul dispersed (see 14.2), g,

G = speafic gravity of the soil parncies, and

G, = speafic gravity of the liquid in which soil particles are
suspended Use numencal vaiue of one i both
instances 1n the equanon. In the first instance anv
possible vanauon produces no sigmificant effect. and
1n the second instance, the composite correctuon for R
1s based on a value of one for G,

15. Drameter of Soil Parucles

151 The diameter of a parucle corresponding to the
percentage indicated by a given hydrometer reading shall be
calculated according to Stokes’ law (Note 14), on the basis
that a parucie of this diameter was at the surface of the
suspension at the beginning of secamentation and had settled
to the level at which the hydrometer 1s measunng the deasity
of the suspension According to Stokes’ law

D = J{30n/980(G - G\)} x LT
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Preface

The purpose of this manual 1s to describe and explain the use of
the "Unified Soil Classification System” in order that identification
of soil types will be on a common basis throughout the agencies using
this system.

The program of military airfield construction undertaken by the
Department of the Army in 1941 revealed at an early stage that existing
soil classifications were not entirely applicable to the work inyolved.
In 1942 the Corps of Engineers tentatively adopted the "Airfield
Classification" of soils which had been developed by Dr. Arthur
Casagrande of the Harvard University Graduate School of Engineering.
As a result of experience gained since that time, the original classi-
fication has been expanded and revised in cooperation with the Bureau
of Reclamation so that it applies not only to airfields but also to
embaniments, foundations, and other engineering features.

Acknowledgment is made to Dr. Arthur Casagrande, Professor cf
Soil Mechanics and Foundation Engineering, Harvard University, for
Permission to incorporate in this manual considerable information frcam
the paper "Classification and Identification of Soils"” published in
Transactions, American Society of Civil Engineers, volume 113, 19L48.
This manual was prepared under the direction of the Office, Chief of

Engineers, by the Soils Division, Waterways Experiment Station.
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UNIFIED SOIL CLASSIFICATION SYSTEM

Intrcduction

Need for a classification system

-~

1. The adoption of the primciples of soil mechanics by the engi-
neering profession has inspired numerous attempts to devise a simple
classification system that will tell the engineer the properties of 2
given soil. As a consequence, many classifications have come into exist-
ence based on certain properties of soils such as texture, plasticaty,
strength, and other characteristics. A few classification systems have
gained fairly wide acceptance, but 1t 1s seldom that any particular sys-
tem has provided the ccmplete information on a soil that the engineer
needs. Nearly every engineer who practices soil mechanics will add
judgment and personal experience as modifiers to whatever soil classif:i-
cation system he uses, so that it may be said that there are as many
classification systems as there are engineers using them. Obviously,
within a given agcney, where designs and plans are reviewed by persons
entirely removed frem a project, a common basis of soil classification is
necessary so that when an engineer classifies a so1l as a certain type,
this classification will convey to another engineer not familiar with the
region the proper characteristics and behavior of the material. Further
than this, the classification should reflect those behavior characteris-
tics of the soil that are pertinent to the project under consideration.

Basis of the unified soil
classification system

2. The unified soil classification system is based on the




identification of soils according to their textural and plasticity quali-
ties and on their grouping with respect to behavior. Soils seldom exist in
nature separately as sand, gravel, or any other single comronent, but

are usually found as mixtures with varying proportions of particles of
different sizes; each component part contributes its characteristics to
the soil mixture. The unified soil classification system is based on
those characteristics of the soil that indicate how it will behave as an
engineering construction material., The following properties have been
found most useful for this purpose and form the basis of soil identifica-
tion. They can be determined by simple tests and with experience can be
estimated with some accuracy.

a. Percentages of gravel, sand, snd fines (fraction passing
No. 200 sieve).

b. Shape of the grain-size-distribution curve.
c. Plasticity and compressibility characteristics.
In the unified soil classification system the soil is given a descriptive

name and a letter symbol indicating its principal characteristics.

Purpose and scope of manual
3. It is the purpose of this manual to describe the various soil

groups in detail and to discuss the methods of identification in order
that a uniform classification procedure may be followed by all who use
the system. Placement of the spils into their respective groups is

accomplished by visual examination and laboratory tests as a means of
basic identification. This procedure is described in the main text of

this manual. The classification of the soils in these groups according

to their engineering behavior for various types of construction, such as
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embankments, foundations, roads, and airfields, 1s treated separately in

appendices hereto which will be issued as the need arises. It i1s rec-
ognized that the unified classification system in its present form may

not prove entirely adequate in all cases. However, 1t 1s intenced that

the classification of soils in accordance with this system have some de-
gree of elasticity, and that the system not be followed blindly nor re-

garded as completely raigad.

Definitions of soil components

. Before soils can be classified properly in any system, includ-
ing the one presented in this manual, 1t 1s necessary to establish a
basic terminology for the various so1l components and to define the terms
used. In the unified soil classification the names "cobbles," "gravel,"
"sand,” and "fines (silt or clay)" are used to designate the size ranges
of soil particles. The gravel and sand ranges are further subdivided
into the groups presented below. The limiting boundaries between the
various size ranges have been arbitrarily set at certain U. S. Standard

sieve sizes in accordance with the following tabulation:

Component Size Range

Cobbles Above 3 in.

Gravel 3 1n. to No. 4 (4.76 mm)
Coarse gravel 3 in. to 3/4 in.

Fine gravel 3/4 in. to No. 4 (4.76 mm)

Sand No. 4 (4.76 mm) to No. 200 (0.074 mm)
Coarse sand No. 4 (4.76 mm) to No. 10 (2.0 mm)
Medium sand No. 10 (2.0 mm) +to No. 40 (0.42 mm)
Fine sand No. 40 (0.42 mm) to No. 200 (0.0T74 mm)

Fines (silt or clay) Below No. 200 (0.074% mm)

These ranges are shown graphically on the grain-size sheet, plate 1. 1In




the finest soil component (below No. 200 sieve) the terms "silt" and
"clay" are used respectively to distinguish materials exhibiting lower
plasticity from those with higher plasticity. The minus No. 200 sieve
material is "silt" i1f the ligquad lamit and plasticity index plot below
the "A" line on the plasticity chart (plate 2), and 1s "clay" if the
liquid limit and plasticity index plot above the "A" line on the chart
(all Atterberg limits tests based on minus No. LO sieve fraction of a
soil). The foregoing definition holds for inorganic silts and clays
and for organic silts, but is not valid for organic clays since these
latter soils plot below the "A" line. The names of the basic soil com-
ponents can be used as nouns or adjectives in the name of a soil, as

explained later.

The Classification System :

5. A short discussion of the unified soil classification sheet,
t§ble l, is presented in order that the succeeding detailed description
m;y be more easily understood. This sheet is designed to apply gener-
ally to the identification of soils regardless of the intended engineer-
ing uses. The first three columns of the classification sheet show the
major divisions of the classification and the group symbols that distin-
guish the individual soil types. Names of typical and representative
soil types found in each group are shown in column 4. The field proce-
dures for identifying soils by general characteristics and from perti-
nent tests and visual observations are shown in column 5. The desired
descriptive information for a complete identification of a soil is pre-

sented in column 6. In column 7 are presented the laboratory




classification criteria by which the various soi1l groups are identitied
and distinguished. Table 2 shows en auxiliary schematic method of clas-
s1fying soils frcm the results of laboratory tests. The application and
use of this chart are discussed in greater detail under & subsequent
heading in this manual.

So1l groups and group symbols

6. Maijor divisions. Soils are primarily divided into coarse-

grained soils, fine-grained soils, and highly orgasnic soils. On a
textural basis, coarse-grained soils are those thaut have 50 per cent or
less of the constituent material passing the No. 200 sieve, and fine-
grained soils are those that have more than SO per cent passing the

No. 200 sieve. Highly organic soils are in general readily identified
by visual examination. The coarse-grained soils are subdivided into
gravel and gravelly soils (symbol G), and sands and sandy soils (sym-
bol S). Fine-grained soils are subdivided on the basis of the liqu:d
limit, symbol L is used for soils with liguid lamits of 50 and less,
and symbol H for soils with liquid limits in excess of 50 (see plate 2).
Peat and other highly organic soils are designated by the symbol Pt and

are not subdivided.

T. Subdivisions, coarse-grained soils. In general practice there

is no clear-cut boundary between gravelly soils and sandy soils, and as
far as behavior is concerned the exact point of division is relatively un-
amportant. For purposes of identification, coarse-grained soils are
classed as gravels (G) if the greater percentage of the coarse fraction
(retained on No. 200 sieve) is larger than the No. 4 sieve and as sands

(S) if the greater portion of the coarse fraction is finer than the No. &




sieve. Borderline cases may be classified as belonging to both groups.
The gravel (G) and sand (S) groups are each divided into four secondary

groups as follows
a. Well-graded material with little or no fines. Symbol W.
Groups GW and SW.

b. Poorly-graded material with little or no fines. Symbol P.
Groups GP &nd SP,

c. Coarse material with nonplastic fines or fines with low
plasticity. Symbol M. Groups GM and SM.

d. Coarse material with plastic fines. Symbol C. Groups GC
and SC.

8. Subdivisions, fine-grained soils. The fine-grained soils are

subdivided into groups based on whether they have a relatively low (L)
or high (H) liquid limit. These two groups are further subdivided as

follows:

a. Inorganic silts and very fine sandy soils, silty or clayey
fine sands; micaceous and diatomaceous soils, elastic
> silts. Symbol M. Groups ML and MH.

b. Inorganic clays. Symbol C, Groups CL and CH.

. Organic silts and clays. Symbol O. Croups OL and CH.

Discussion of Coarse-grained Soils

Gl and SW groups

9. These groups comprise well-graded gravelly and sandy soils
having little or no nonplastic fines {less than 5 per cent passing the
No. 200 sieve). The presence of the fines must not noticeably change
the strength characteristics of the coarse-grained fraction and must not
interfere with its free-draining characteristics. If the material con-

tains less than 5 per cent fines that exhibit plasticity, this
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information should be evaluated and the soil classified as discussed sub-
sequently under "Laboratory Identification."” In areas subject to frost
action, the materiel should not contain more than about 3 per cexnt of
so1l grains smaller than 0.02 mm in size. Typical examples of GW and SW
so1ls are shown on plate 3.

GP and SP groups

10. Poorly-graded gravels and sands containing little or no non-
plastic fines (less than 5 per cent passing the No. 200 sieve) are
classed in the GP and SP groups. The materials may be classed as uniform
gravels, uniform sands, or nonuniform mixtures of very coarse material
and very fine sand, with intermediate sizes lacking (sometimes called
skip-graded, gap-graded, or step-graded). The latter group often results
fram borrow excavation in which: gravel and sand layers are mixed. If the
fine fraction exhibits plasticity, this information should be evaluated
and the soil classified as discussed subsequently under "Laboratory
Identification.” Typical examples of various types of GP and SP soils
are shown on plate k4.

GM and SM groupms

11. In general, the GM and SM groups comprise gravels or sands with
fines (more than 12% per cent passing the No. 200 sieve) having low or no
plasticity. The plasticity index and liquid limit (based on minus No. LO

sieve fraction) of soils in the group should plot below the "A" line on

%* In the preceding two paragraphs soils of the GW, GP, SW, and SP
groups were defined as having less than 5 per cent passing the No. 200
sieve, Soils which have between 5 and 12 per cent passing the No. 200
sieve are classed as "borderline” and are discussed in paragraph 33
under that heading.




the plasticaty chart. The gradation of the materials 1s not considered
significant and both well- and poorly-graded materials are included.
Some of thc sands and gravels in this group will have & binder composed
of natural cementing agents, so proportioned that the mixture shcows neg-
ligible swelling or shrinkage. Thus the dry strength of such materials
1s provided by a small amount of soil binder or by cementation of cal-
careous material or iron oxide. The fine fraction of other materials
in the GM and SM groups may be composed of silts or rock flour types
having little or no plasticity and the mixture will exhibit no dry
strength. Typical examples of types of GM and SM soils are shown on
piate 5.

GC and SC groups

12. In genergl, the GC and SC groups comprise‘gravelly or sandy
soils with fines (more than 12 per cent passing the No. 200 sieve) which
have either low or high plasticity. The plasticity index and liquid
%%mit of soils (fraction passing the No. 40 sieve) in the group should
plot above the "A" line on the plasticity chart. The gradation of the
materials is not considered significent and both well- and poorly-graded
materials are included. The plasticity of the binder fraction has more
influence on the behavior of the soils than does variation in gradation.
The fine fraction is generally composed of clays. Typical examples of

GC and SC soils are shown on plate 6.

Discussion of Fine-grained Soils

il. and MH groups

13. 1In these groups the symbol 4 has been used to designate




predominantly silty materials and micaceous or diatomaceous soils. The
symbols L and H represent low and high liquid limits, respectively, and
arn arbitrery dividing line between the two 1s set at a liquad limit of
50. The soils in the ML and MH groups are sandy silts, clayey silts,
or inorganic silts with relatively low plasticity. Also included are
loess~type soils and rock flours. Micaceocus and diatomaceous soils
generally fall within the MH group but may extend into the ML group
when their liquid limit is less than 50. The same is true for certain
types of kaolin clays and scme illite clays having relatively low plas-
ticity. Typicel examples of soils in tne ML and MH groups are shown
on plate 7.’

CL and CH groups

14, - In these groups the symbol C stands for clay, with L and B
denoting low or high liquid limit. The soils are primarily inorganic
clays. Low plasticity clays are classified as CL and are usually lean
clays, sandy clays, or silty clays. The medium and high plasticity
clays are classified as CH. These include the fat clays, gumbo clays,
certain volcanic clays, and bentonite. The glacial clays of the northern
United States cover a wide band in the CL and CH groups. Typical exam-
ples of soils in these groups are shown on plate 8.

OL and CH groups

15. The soils in the OL and OH groups are characterized by the
Presence of organic matter, hence the symbol O. Organic silts and clays
are classified in these groups. The materials have a plasticity range
that corresponds with the ML and MH groups. Typical examples of OL and

CH solls are presented on plate 9.
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Discussion of Highly Organic Soils

Pt _grou

16. The highly organic soils usually are very compressible and
have undesirable construction characteristics. They are not subdivided
and are classified into one group with the symbol Pt. Peat, humus, and
swamp soils with a highly organic texture are typical soils of the
group. Particles of leaves, grass, branches, or other fibrous vegetable

matter are common components of these soils.

Identificetion of Soil Groups

b d

17. The unified soil classification is so arranged that most soils
may be classified into at least the three prisary groups (coarse grained,
fine grained, and highly organic) by means of visual examination and
simple field tests. Classification into the subdivisions can also be
m%de by visual examination with some degree ¢f success. More positive
identification may be made by means of labor:tory tests on the materials.
However, in many instances a tentative class .ficntion determined in the
field is of great benefit and may be all the idertification that is
necessary, depending on the purposes for which thz soils .n question are
to be used. Methods of general identification of soils are discussed
in the following paragraphs, and a laboratory testing procedure is pre-
sented. It is emphasized that the two methods of identification are
never entirely separated. Certain characteiistics can only be estimated
by visual examination, and in borderline cases it nay be necessary to

verify the classification by laboratory tes.s. Conversely, the field
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methods are entirely practical for preliminary laboratory identification
and may be used to advantage in grouping soils in such a manner that

only & minimum number of laboratory tests need be run.

General Identification

18. The easiest way of learning field identification of soils is
under the guidance of experienced personnel. Without such assistance,
field idantification may be learned by systematically comparing the
numerical test results for typical soils in each group with the "feel”

of the material while field identification procedures are being performed.

Coarse-grained soils

19. Texture and composition. In field identification of coarse-

grained materials a dry:'sample is spread on a flat surface and examined
to determine gradation, grain size and shape, and mineral composition.
Considerable experience is required to differentiate, on the basis of

a visuasl examination, between well-graded and poorly-graded soils.

The durability of the grains of a coarse~grained soil may require a
careful examinstion, depending on the use to which the soil is to be
put. Pebbles and sand grains consisting of sound rock are easily iden-
tified. Weathered material is recognized from its discolorations and
the relative ease with which the grains can be crushed. Gra.\:els con-
sisting of weathered granitic rocks, quartzite, etc., are not necessar-
ily objectionable for construction purposes. On the other hand, coarse-
grained soils containing fragments of shaley rock may be unsuitable be-
cause alternate wetting and drying may result in their partial or com-

plete disintegration. This property can be identified by a slaking test.
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The particles are first thoroughly oven~ or sun-dried, then submerged
in water for at least 24 hours, and finally their strength is tested
and compared with the original strength. Some types of shales will com-
pletely disintegrate when subjected to such a slaking test.

20, Examination of fine fraction. Reference to the identification

sheet (table 1) shows that classification criterie of the various coarse-
grained soil groups are based on the amount of material passing the No.
200 sieve and the plasticity characteristics of the binder fraction
(passing the No. 4O sieve). Various methods may be used to estimate the
percentage of material passing the No. 2CO sieve; the choice of method
will depend on the skill of the technician, the equipment at hand, and
the time available., One method, decantation, consists of mixing the
soil with water in a suitable containf;: and pourix:,; off th|? turbid mix-
ture of water and fine soil; successivz decantaticas will remove prac-
tically all of the fines and leave only the sand and gravel sizes in the
c;’ontainer. A visusl comparison of the residue with the original material
will give some idea of the amount of fines present. Another useful meth-
od is to put a mixture of soil and water in a test tube, s.ake it thor-
oughly, and allow the mixture to s:ttle. The coar:se ’articles will fall
to the bottom and successively firar particles wil. be depousited with
increasing time; the sand sizes will fall out of suspensicn in 20 to 30
seconds. If the assumption is made that the soil weight is proportional
to its volume, this method may be used to estimate the amount of fines
present., A rough estimate of th: amount of fines may be made by spread-
ing the sample ocut on a level su-face and making a visual estimate of

the percentage of fine particles present. The pr:sence of fine sand can




usually be detected by rubbing a sample between the fingers, silt or clay
particles feel smooth and stain the fingers, whereas the sand feels gritty
and dces not leave a stain. The "teeth test" 1s sometimes used for this
purpose, and consists of biting a portion of the sample between the
teeth. Sand feels gritty whereas silt and clay do not; clay tends to
stick to the teeth while silt does not. If there appears to be more

than about 12 per cent of the material passing the No. 200 sieve, the
sample should be separated as well as possible by hand, or by decanta-
tion and evaporation, removing all of the gravel and coarse sand, and

the characteristics of the fine fraction determined. The binder 1is

mixed with water and its dry strength and plasticaity characteristics are
examined. Criteria for dry strength are shown in column 5 of the clas-
sification sheet, table 1; evaluation of soils according to dry strength
and plasticity criteria is discussed in succeeding paragraphs in connec-
tion with fine-grained soils. Identification of active cementing agents
other than clay usually 1s not possible by visual and manual examination,
since such agents may require a curing period of days or even weeks. In
the absence of such experience the solls should be classified tentatively
into their apparent groups, neglecting any possible development of
strength because of cementation.

Fine-grained soils

21l. The principal procedures for field identification of fine~
grained soils are the test for dilatancy (reaction to shaking), the
exapination of plasticity characteristics, and the determipation of dry
strength. In addition, observations of color and odor are of value,

particularly for organic soils. Descraiptions of the field identification
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procedures are presented in the following paragraphs. The dilatancy,
plasticity, and dry strength tests are performed on the fraction of the
soil finer than the No. U0 sieve. Separation of particles coarser than
the No. 4O sieve is done most expediently in the field by hand. However,
seperation by hand probably will te most effective for particles coarser
than the No. 10 sieve. Some effort should be made to remove the No. 10
to No. 40 fraction but it is believed that any particles in this size
range remaining after hand separation would have little effect on the
field identification procedures.

22, Dilatancy. The soil is prepared for test by removing particles

g

A
larger than about the No. 4O sieve size (by hand) and adding enough water,

if necessary, to make the soil soft but not sticky. The pat of moist soil
should have & volume of about 1/2 cubic inch. The pat of soil is alter-
nately shaken horizontally in the open palm of one hand, which is struck
vigorously against the other hand several times, and then squeezed between
E?e fingers. A fine-grained soil that is nonplastic or exhibits very low
plasticity will become livery and show free water on the surface vwhile
being shaken. Squeezing will cause the, water to disappear from the sur-~
face and the sample to stiffen and finally crumble under increasing

finger pressure, like a brittle material. If the <ater content is Jjust
right, shaking the broken pieces will cause them t> liquefy again and
fiow together. A distinction may be made between rapid, slow, or no re-
action to the shaking test, depending on the speed with which the pat
changes its consistency and the water on the surface appears or dis-
appears. Rapid reaction to the shaking test is typical for nonplastic,

uniform fine sand, silty sand (SP, SM), and inorganic silts (ML)
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particularly of the rock-flour type, also for diatomaceous earth (MH).
The reaction becomes somewhat more sluggish with decreasing uniformity
of gradation (and increase i1n plasticity up to a certain degree). Even a
slight content of colloadal clay will impart to the so01l some plasticaty
and slow up materially the reaction to the shaking test. Soils which
react in this manner are somewhat plastic inorganic and organic silts
(ML, OL), very lean clays (CL), and some kaolin-type clays (ML, ME). Ex-
tremely slow or no reaction to the shaking test i1s ckharacteristic of all
typical clays (CL, CH) as well as of highly plastic organic clays (OH).

23. Plasticity characteristics. Examination of the plasticaty

characteristics of fine-grained soils or of the fine fraction of coarse-
grained soils is made with a small moist sample of the material. Parti-
cles larger than about the No. 4O sieve size are removed (by hand) and a
specimen of soil about the size of a 1/2-in. cube is molded to the con-
sistency of putty. If the soil is too dry, water must be added and if
* 1s sticky, the specamen should be spread out in a thin layer and

allowed to lose some moisture by evaporation. The sample is rolled by
hand on a smooth surface or between the palms into a thread about 1/8 in.
1n diameter. The thread is then folded and rerolled repeatedly. During
this manipulation the moisture content is gradually reduced and the speci-
men stiffens, finally loses its plasticity, and crumbles when the plastic
limit is reached. After the thread crumbles, the pieces should be lumped
together and a slight kneading action continued until the lump crumbles.
The higher the position of a soil above the "A" line on the plasticity
chart, plate 2 (CL, CH), the stiffer are the threads as their water con-

tent approaches the plastic limit and the tougher are the lumps as the
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soil is remolded after rolling. Soils slightly above the "A" line (CL,
CH) form a medium tough thread (easy to roll) as the plastic limit is
approached but when the threads are formed into & lump and kneaded below
the plastic limit, the soil crumbles readily. Soils below the "A" line
(ML, MH, OL, OH) form a weak thread and, with the exception of the OH
soils, cannot be lumped together into a coherent mass below the plastic
1limit. Plastic soils containing organic material or much mica (well
below the "A" line) form threads that are very soft and spongy near the
plastic limit. The binder fraction of coarse-grained soils may be ex-
imined in the same manner as fine-grained solls. In general, the binder
fraction of coarse-grained soils with silty fines (GM, SM) will exhibit
plasticity characteristics similar to the ML soils, and that of coarse-
greined soils with clayey fines (GC, SC) will be similar to the CL soils.

2. Dry strength. The resistance of & piece of dried soil to

crushing by finger pressure is an indication of the character of the
g_olloidal fraction of a soll. To initiate the test, particles larger
than the No. 40 sieve size are removed from the soil (by hand) and a
specimen is molded to the con: istency of putty, adiing water if neces-
sary. The moist pat of soil is allowed to dry (in oven, sun, or air)

and is then crumbled between the fingers. Soils with slight dry strength
crumble readily with very little finger pressure. All nonplastic ML and
MH soils have almost no dry strength. Organic silts and lean organic clays
of low plasticity (OL), as well as very fine sandy soils (SM), have
slight dry strength. Soils of medium dry strength require considerable
finger pressure to powder the sample. Most clays of the CL group and

some OH soils exhibit medium dry strength. This is slso true of the fine
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fraction of gravelly and sandy soils having a clay binder (GC and SC).
Soi1ls with high dry strength can be broken but cannot be powdered by
finger pressure. High dry strength 1is indicative of most CH clays, as
well as some organic clays of the OH group having very high liquid limz:ts
and located near the A-line. In some instances high dry strength in the
undisturbed state may be furnished by a cementing material such as cal-
ciuxz carbonate or iron oxide.

25. Color. In field soil surveys color is often helpful in dis-
tinguishing between various soil strata, and to an engineer with suffai-
cilent preliminary experience with the local soils, color may also be
useful fbr‘ldentify1ng individual soils. The color of the moist sorl
should be used in identification as soil color may change markedly on
drying. To the experienced eye certain dark or drab shades of gray or
brown, including almost black colors, are indicative of fine-grained
so1ls containing organic colloidal matter (OL, OH). In contrast, brighter
colors, including medium and light gray, olive green, brown, red, yellow,
ané white, are generally associated with inorganic soils. Use of the
Munsell soil color charts and plates, prepared for the U. S, Department
of Agriculture by the Munsell Color Company, Baltimore, Maryland, 1is
suggested in the event more precise soil color descriptions are desired
or to facilitate uniform naming of soil colors.

26. Odor., Organic soils of the OL and OH groups usually have a
distinctive odor which, with experience, can be used as an aid in the
1dentification of such materials. This odor is especially apparent fiom
fresh samples. It gradually diminishes on exposure to air, but can be

revived by heating a wet sample.
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Highly organic solls

27. 'The field identification of highly organic soils (group Pt) 1s
relatively easy inasmuch as these soils are characterized by undecayed or
partially carbonized particles of leaves, sticks, grass, and other vege-
table matter which impart to the so0il a typical fibrous texture. The
color ranges generally from varicus shades of dull brown to blp.ck. A
distinct organic odor is also characteristic of the soil. The water con-
tent is usually very high. Another aid in identification of these solls
may be the location of the soil with respect to topography: low-lyling,

swampy areas usually contain highly organic soils.

-
-

Laboratory Identification

28. The identification of soils in the laboratory is accomplished
by determining the gr;dation and p].ast}.city characteristics of the mate-
rials. The gradation is determined by sieve analysis and a grain-size
cl::!rve is usually plotted as per cent finer (or passing) by weight against
a.%logarithmic scale of grain size ip millimeters. Plate 1 is a typical
grain-size chart. Plasticity characteristics are evaluated by means of
the liquid and plastic limits tests on the soil fraction finer than the
No. 4O sieve. A suggested laboratory method of identification is pre-
sented schematically in the chart shown as table 2 and is discussed in
the succeeding paragraphs. It should be recognized that although & def-
:Ln~1te procedure for identification is outlined on the chart, the labora-
tory technician engaged in classification may be able to use "short cuts"
in his work after he becames thoroughly familiar with the criteria for

each soil group.
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Jdentification of major soil groups

29. Reference to the identification procedure chart, table 2, shows
that the first step in the laboratory identification of a soi1l 1s to
determine whether it is coarse grained, fime grained, or highly organic.
This may be done by visual examination in most cases, using the procedures
outlined for field identification. In some borderline cases, as with
very fine sands or coarse silts, it may be necessary to screen a repre-
sentative dry sample over a No. 200 sieve and determine the percentage
passing. Fifty per cent or less passing the No. 200 sieve identifies
the soil as coarse grained, and more than 50 per cent identifies the soil
as fine grained. The percentage limit of 50 has been selected arbitrarily
for convenience in identification as it is obvious that a numerical dif-
ference of 1 or 2 in this percentage will make no significant change in
the behavior of the soil. After the major group in which the soil belongs
is established, the identification procedure is continued in accordance
with the proper headings in the chart.

Identification of subgroups,
coarse-grained soils

30. Gravels (G) or sands (S). A complete sieve analysis is run on

coarse~grained soils and the gradation curve is plotted on a grain-size
chart. For same soils containing a substantial amount of fines, it may
be desirable to supplement the sieve analysis with a hydrometer analysis
in order to define the gradation curve below the No. 200 sieve size. Pre-
liminary identification is made by determining the percentage of material
in the gravel (above No. 4 sieve) and sand (No. 4 to No. 200 sieve) sizes.

If there is a greater percentage of gravel than sand the material is

<
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classed as gravel (G); if there is a greater percentage of sand than
gravel the material is classed as sand (S). Once again the distinction
between these groups is purely arbitrary for convenience in following
the system. The next identification step is to determine the amount of
material passing the No. 200 sieve. Since the subgroups are the same
for gravels and sands, they will be discussed jointly in the following
paragraphs.

31. GW, SW, GP, and SP groups. These groups comprise nonplastic

soils having less than 5 per cent passing the No. 200 sieve and in which
the fine fraction does not interfere with the soils' free-draining prop-
e:rties. If the above criterie are met, an examination is made of the
shape of the grain-size curve, Materials that are well graded are clas-
sified as GW or SW; poorly-graded materials are classified as GP or SP.
The grain-size distributions of well-graded materials generally plot as

smooth and regular concave curves with no sizes lacking or no excess of

material in any size range (plate 3); the uniformity coefficient (€O per

;

cent grain diameter divided by the 10 per cent grain diemeter) of well-
graded gravels is greater than 4, and of well-graded sands is greater
than 6. In addition, the gradation curves should meet the following

qualification in order to be classed as well graded.

between 1 and 3

where D3o = grain diemeter at 30 per cent passing
Dgo = grain diameter at 60 per cent passing
Djp = grain diameter at 10 per cent passing

The foregoing expression, termed a coefficient of curvature, insures
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that the grading curve will have a concave curvature within relatively
narrow limits for a given D¢y and Dy compination. All gradations not
meeting the foregoing criteria are classed as poorly graded. Thus,
poorly-graded soils (GP, SP) are those having nearly straight line gra-
dations (plate L, fig. 1, curve 3), convex gradations, nearly vertical
(uniform) gradations (plate 4, fig. 1, curve 1), and gradation curves
with "humps" typical of skip-graded materials (plate 4,. fig. 1, curve 2).

32. GM, SM, GC and SC grouns. The soils in these groups are com-

posed of those materials havang more than a 12* per cent fraction passing
the No. 200 sieve; they may or may not exhibit plasticity. For identa-
fication, the liguad and plastic limits tests are required on the frac-
tion finer than the No. 40 sieve. The tests should be run on representa-
tive samples of moist material, and not on air- or oven-dried soils.

This precaution is desirable as drying affects the limits values to some
extent as will be explained further in the discussion of fine-grained
soils. Materials in which the liquid limit and plasticity index plot
below the "A" line on the plasticity chart (plate 2) are classed as

GM or SM (plate 5). Gravels and sands in which the liquid limit and
plasticity index plot above the "A" line on the plasticity chart are
classed as GC or SC (plate 6). It is considered that in the jdentifi-
cation of materials in these groups the plasticity characteristics
overshadow the gradation characteristics; therefore, no distinction is

made between well- and poorly-graded materials,

* In the preceding paragraph soils of the GW, GP, SW, and SP groups were
defined as having less than a § per cent fraction passing the No. 200
sleve. Soils having between S5 and 12 per cent passing the No. 200
sieve are classed as "borderline" and are discussed in parsagraph 33.
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33. Borderline soils. Coarse-grained soils containing betveen

5 and 12% material passing the No. 200 sieve are classed as borderline
and carry a dual symbol, e.g , GW-GM. Similarly, coarse-grained soils
having less than 5% passing the No. 200 sieve, but which are not free
draining, or vherein the fine fraction exhibits plasticity, are also classed
as bourderline and are given a dual symbol. Additional discussion of border-

line classification is presented in paragraphs 38-L1.

Identification of sub-
groups, fine-grained soils

34. Use of plasticity chart. Once the identity of a fine-grained

soil has been established, further identification is accomplished prin-
cipally by the liquid and plastic limits tests in conjunction with the
plasticity chart (plate 2). The pla.st;}city chart was developed by Dr.
Casagrande as the result of considerable exgerience with the behavior of
s0ils in many different regions. It is a plot of liquid limit versus plas-
ticity index on which is imposed a diagonal line called the "A" line and a
vertical line at a liquid limit of 50. The “"A" line i3 defined by the
equation PI = 0.73 (L1-20). The "A" line abcve & liquid limit of about

29 represents an important empirical boundary between typical inorganic
clays (CL and CH), which are generally locat:d sbove the line, and plastic
soils containing organic colloids (OL and OE) or inorganic silty soils (ML
and ME). The vertical line at liquid limit of 50 separates silts and
clays of low liquid limit (L) from those of high liquid limit (H). In

the low part of the chart below & liquid limdt of about 29 and in the
range of PI from 4 to 7 there is considersble overlapping of the proper-

ties of the clayey and silty soil types. Heace, the separation between
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CL and OL or ML soil types in this region is accomplished by a cross-batched
zone on the plasticity chart between 4 and 7 PI and ebove the "A" line.

CL soi1ls in this region are those having a PI above 7 while OL or ML soils
are those having a PI below 4. Soils plotting within the cross-batchec
zone should be classed as borderline as discussed later. The various soil
groups are shown in their respective positions on the plasticaty chart.
Experience has shown that compressibility is approximately proportiomzl to
liqmd limt and that soils baving the same liquid limit possess approxi-
mately equal compressibility, assuming that other factors are essentially
the same. On comparing the physical characteristics of soils having the
same liquad lamt, one finds that wath increasing plasticity irdex, the
cohesive characteristics increase and the permeability decxeases. From
plots of the results of limits tests on & number of samples from the

same fine-grained deposit, it is found that for most soils these points
lie on a straight line or in a narrow band approximately parallel to

the "A" line. With this background information in mind, the identifica-
tion of the various groups of fine-grained soils is discussed in the

following paragraphs.
35. ML, CL, and OL groups. A soil having a liquid limt of less

than 50 falls into the low liquid lamt (L) group. A plot of the liquid
limit and plasticity index on the plasticity chart will show whether 1t
falls above or below the "A" line and cross-hatched zone. Soils plotting
above the "A" line and cross-hatched zone are classed as CL and are usually
typical inorganic clays (plate 8, fig. 1). Soils plotting below the "A"
line or cross-hatched zone are inorganic silts or very fine sandy silts,

ML (plate 7, fig. 1), or organic silts or organic silt-clays of low
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plasticity, OL (plate 9, fig. 1). Since two groups fall below the "A" line
or cross-hatched zone, further identification is necessary. The distin-
guishing factor between the ML and OL groups 1s the absence or presence

of organic matter. This is usually identified by color and odor as
explained in the preceding paragraphs under field identification. How-
ever, in doubtful cases a comparison may be wmade between the liquid and
plastic limits of a2 moist sample and one that has been oven-dried. An
organic soil will shov a radical drop in plasticity after oven-drying

or air-drying. An inorganic soil will generally show a change in the
limts values of only 1 or 2% which may be either an increase or a decrease
For the foregoing reasons the classification should be based on the plot

of limits values determined before drying. Soils containing organic matter
generally have lover specific gravities and may have decidedly higher water
contents than inorganic soils; therefore, these properties may be of assist-
ance in identifying organic soils. In special cases, the determinstion of
drganic content way be made by chemical methods, but the procedures just
described are usually sufficient.

36. MH, CH, and OH groups. Soils with a liquid lirdt greater than

50 are classed in group H. To identify sucb soils, the liquid limit

and plasticity index values are plotted on the plasticity chart. If the
points fall sbove the "A" line, the soil classifies as CH; if it falls
below the "A" line, a determination is made as to whether or not organic
material is present, as described in the preceding parsgraph. Inorganic
materials are classed as MH and organic materials are classed as OH.

Identification of highly organic soils

37. Iittle more can be said as to the laboratory identification of
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highly organic soils (Pt) than has been stated previously under field
1dentification. These soils are usually i1dentified readily on the basis
of color, texture, and odor Moisture determxnations usually show a
natural water content of several hundred per cent, which 1s far in ex-
cess of that found for most soils. Specific gravities of the solids in
these s0ils may be quite low. Some peaty soils can be remolded and
tested for liquid and plastic lizn:l.ts.~ Such materials usually have a
liqud limt of several hundred per cent and fall well below the "A"
line on the plasticity chart.

Borderline classifications

38. It is inevatable in the use of the classification system that
so1ls will be encountered that fall close to the boundaries established
between the various groups. In addaition, boundary zones for the amount
of material passing the No. 200 sieve and for the lower part of the
plasticity chart have been incorporated as a part of the system, as
discussed subsequently. The accepted rule in classifying borderline
soils is to use a double symbol; for example, GW-GM. It is possible,
in rare instances, for a soil to fall into more than one borderline zone
and, if appropriate symbols were used for each possible classification,
the result would be a multiple designation consisting of three or more
symbols. This approach is unnecessarily complicated and it is considered
best to use only a double symbol in these cases, selecting the two that
are believed most representative of the probable behavior of the soil.
In cases of doubt the symbols representing the poorer of the possible

groupings should be used.
39. Coarse-grained soils. It will be recalled that in previous

Voa—




discussions (paregraph 31) the coarse-grained soils were classified in

the GV, GP, SW, and SP groups if they contained less than 5% of material
passing the No. 200 sieve. Similarly, soils were classified in the Glf,

GC, SM, and SC groups if they had more than 12% passing the No. 200 sieve
(paragraph 32). The range between 5 and 12% passing the No. 200 seive is
designated as borderline, and soils falling within it are assigned a double
symbol depending on both the gradation characteristics of the coarse
fraction and the plasticity characteristics of the minus No. O sieve
fraction. For example, a well-graded sandy soil with B% passing the No.
200 sieve and with LL = 28 and PI = 9 would be designated as SW-SC.

Another type of borderline classification occurs for those soils containing
appreciable amounts of fines, groups GM, GC, SM, and SC, and whose
Atterberg limits Yalues Plot in the 19wer portion of the plasticity chart.
The method of classifying these soils is the same as for fine-grained

s0ils plotting in the same region, as presented in the following paragraph.

& 40. Fine-grained soils. Mention bas been made of & zone on the
glasticity chart (plate 2) below a liquid limit of about 29 and ranging
between plasticity index values of 4 and 7. Several soil types exhibiting
low plasticity plot in this general region on the plasticity cbart and no
definite boundary between silty and clayey soils exists. Thus, if a fine-
grained soil, groups CL and ML, or the minus No. 40 sieve fractiom of a
coarse-grained soil, groups GM, GC, SM, and SC, plots within the cross-
bhatched zone on the plasticity chart, a double symbol (ML-CL, etc.) is used.

41, "silty" and "clayey." It will be njted on the classification

sheet, table 1, that the adjectives "silty" and "clayey" may be used as

part of the descriptive name for silt or clay soils. Since the
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definitions of these terms are now somewhat different from those used by
wmany so1ls engineers, it 1s considered adviseble to discuss their connota-
tion as used 1z this system In the unified soil classification the terms
"s11t" and “clay" are used to describe those soils with Atterberg limits
plotting respectively below and above the "A" line and cross-hatched zone
on the plasticity chart. As a logical extension of this concept, the terms
"gilty" and “clayey" may be used as adjectives in the soil names when the
lamts values plot close to the "A" line. For example, a clay soil with
1L = 4O and PI = 16 may be called a silty clay. In general, the adjective
"s11ty" 1s not applied to clay soils having a liquid limit in excess of

about 60.

; Expansion of Classification

L2. It may be necessary, in some cases, to expand the unified clas-
si1fication system by subdivision of existing groups in order to classify
soils for a particular use. The indiscriminate use of subdivisions is
discouraged and careful study should be given any soil group before such
a step is adopted. In all cases subdivisions should be designated pref-
erably by a suffix to an existing group symbol. The suffix should be
selected carefully so that there will be no confusion with existing let-
ters that already have meanings in the classification system. In each
case where an existing group is subdivided, the basis and criteria for
the subdivision should be explained in order that anyone unfamilier with

it may understand the subdivision properly.
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Descriptive Soil Classification

43, At many stages in the soils investigation of a project --
from the preliminary boring log to the final report -- the engineer
finds it convenient to give the soils he is working with a "name" rather
than an "impersonal" classification symbol such as GC. This results
primarily from the fact that he is accustomed to talking in terms of
gravels, sands, silts, and clays, and finds it only logical to use these
same names in presenting the data. The soil names have been associated
w;th certain grain sizes in the textural classification as shown on the
grain-size chart, plate 1. Such a division is generally feasible for
the coarse-grained soils; however, the use of such terms as silt and
clay may be entire{y misleading_on_a textura]kbasis.‘ For this reason
the terms "silt"” and "clay" have been definec. on a plasticity basis as
discussed previously. Within a given region of the country, use of a
néme classification based on texture is often feasible since the general
behavior of similar soils is comsistent pver the area. However, in
another area the same classification may be er’irely inadequate. The
descriptive classification, if used lintelligen.ly, has a rightful place
in soil mechanics, but its use should be carefully evaluated by all
concerned.

Description from classification sheet

Lk, Column L of the classification sheet, tcble 1, lists typical
names given the soil types usually found within the various classification
groups. By following either the field or lsboratory investigation pro-

cedure and determining the proper classification group in which the soil
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belongs, it is usually en easy matter to select an appropriate name from
the classification sheet. Scme scils mey be readily identified and prop-
erly named by orly visaal inspection. A word of caution 1s cons.cered
appropriate on the use of the classitication system for certain scils
such as marls, caliches, coral, shale, etc., where the grain size can
vary widely depending on the amount of mechanical breakdown of soil par-
ticles. For these soils the group symbol and textural name have little
significence and the locally used nhame may be important.

Other descraiptive terms

L5, Records of field explorations in the form of boring logs can
be of great benefit to the engineer if they include adequate information.
In eddition to the group symbol and the name of the soil, the general
characteristics of the soils as to plasticity, strength, moisture, etc.,
provide information essential to a proper analysis of a particular prob-
lem. locally accepted soil names should also be used to clarify the
data to local badders, and to protect the Govermment against later legal
claims. For coarse-grained soils, the size of particles, mineralogical
composition, shape of grains, and character of the binder are relevant
features. For fine-grained soils, strength, moisture, and plasticity
characteristics are important. Vhen describing undisturbed soils such
characteristics as stratification, structure, consistency in the undis-

turbed and remolded states, cementation, drainage, etc., are pertinent

to the descriptive classification. Pertinent items to be used in de-
scriving soils are shown in column 6 of table 1. In order to achieve !
uniformity in estimating consistency of soils, it is recommended that

the Terzaghi classification based on unconfined compressive strength be
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used as & tentative standard. This classification is given below:

Unconfined Compressive Strength

Tons/Sq Ft Consistency
< 0.25 Very soft
0.25-0.50 Soft
0.50-1.00 Medium
{ 1,00-2.00 Stiff
| 2.00-4.00 Very stiff
> k.00 Hard

Several examples of descriptive classifications are shown below:
a. Uniform, fine, clean sand with rounded grains (SP).

b. Well-graded gravelly silty sand, angular chert gravel,
1/2-in. maximum size; silty binder with low plasticity,
wvell-compacted and moist (SM).

c. Light brown, fine, sandy silt; very low plasticity; satu-

rated and soft in the undisturbed state (ML).

d. Dark gray, fat clay; stiff in the undisturbed state; soft
and sticky when remolded (CH).

ﬂ'r




e e

P

o a—

(2

Cronyg

Fie ¢ ldeat ficenl

maje= Divisicns - ") 1ca. Samrs (Eaclu. ne part ¢ €3 1t
Cymeele wrd wagine freet v ou
i 2 ¢
€ <
2, 2 -1 ov bell.qreaed crawel OreVe wcand WIZLUIYs Viae funge in CTein eises
- <= 3 2. 1ituie or ac flee mousts of all lwwermed.s
= T 3 t°3
- < & Se2
z gs o §22
- IR =5 cr Poorly greted grave or gravel sand sivOrwe Predansantly ene sise OF &
K s8> @ oS 1 ttie or ne fines same imerwsdiete siies a
Y H
& |iss
L] “i - 5 & _ S1lty gravels grevei.sasd silt misTure Saspiartic fioes oF fines v
£ 3 & i. T alda i ™ ("sr identifiestios proce
o s TEl.i33d
- s - - - - -
S - 1
4. 2 LS 4 B . P Claywy grovals grawe,.samd.elay A.Xtures Plastic fines (far 1aeeriny
- 4 <tl® = e G beiow)
3l e £2 53
b1 3y
Lew § £4°
- s Se ": - - Wellgreded sand: grewelly aamis L.tUe or | Vide reage i graiu site as
sc ¥ 3% 2 is3 a0 Tises of all ietermrdiste perti
4T o} L9 "2 &t
LI IS I o 1
E Y $8s 82 °=E & loorly greded sands or gravelly sands 1itlle| Preamisantly eor s 3¢ or o
- "] ¥o 3 s2 or 80 fines Vith same isterwediste &
€ & - -
s flige &
L
b4 ':' “.5 E - £11ty sands cand...lt alrtwres - Bowplastic fiase wr flaeq v
el 3ECT | 2 - (for 1demification proce
£33 . = ;-i-:
IR EERMNE
{8 = 5 13- o s Ciayey sands sand clay mtuwe. Plastic fiae. (for saest £y
- s . s &£ 0 ave CL delow}
HEER N
4 3 ldamtificstion
s . o~ Prectior Semiler thar
[ 4 5 Dry Streagu D latar
s . (Crusting {heact
- 2 {ehereacrer riles)]| 18 abasy
g. Inergacic silts emd very fise send. roca
&‘ - fiour $1ity o cluver fine sant or Bunr 1o cligt | Quiek Vo o
s s 2 .‘.9 elayey cills Wik ..is0t plasiie ty
< -
P s © 35 Insrganic clay: ¢ 13v G andiwE F.asticsty Rame % ve
zul 3 =2 e grawlly cloys sandy clays sily clays | Mdiw wmg | T
é:i Y L o= lear clay
- - -
B = &3 N
- - o oL Organic & 112 and ofiv © 211Uy €luye of lov | Slugn v Siov
X
.- pia. city -—d w
._ =
L E
=T
- Barge. ic 31is & cacvon o dietameceoy S. 8 v
i =5 " fior sandy oF 3 Ly 01la elaz © -fu\z -t um Sa0v 0 oo
- -.I - K
¢ S i
- =
3 L I O | lnergaic claye of Migh plasticity et elays] NIE 1o #one
€ s 'i'c'
2 = St
- ® =« Urgarie clays of aruiwe L high plasticity Bowe W w
s = cvaa, - tilts Wrdtws to Bigh slow
* -
2 ghly Orgueie Seil: N | e amt swer m@a, erpaic vels Seal iy tdestitied by ccla

o ‘Yequesily by I trou:

(1) Bountary clarr ” ce oo

Dilatascy (reestion tc sherang)
Aer ressving particies larger than Bo

Thewr procecurvs are to

S61it posie” 1ag GRArErwEric\ & ¢ tv gTOUDL arv dr. guated by cEar matlioms of gron

TXID JMFTIVICA
e parforend om the aimi 8

streening it et izlemasd sumMly

4O ciove sias prepare & pt of awiet

Dry Suwasis (erushing eas

il With & velame Of aboul Ene-ba.l Cubre 104k Add ensugh wmeer 1 . 4

Vigarusly aguiast U other hant sevaral timms A pesitive Feaction Geasisls
o

pot wEiak GMAALYs 18 & Livery

e
the ammple 1t squeeted brtween the

fren s srfase the pov suiffons and

The repidity &f apyrarence of wite~ Gring

Shablag end of 3ts &1

ariag ansist Ia teevtifyiag U

harertar of the Tisec i & aoal

Very fior class camis give W
Plastic elay has . resction

.
lasrgaric siita smabh o, o typ cal reax flewr
Show & amderesly Quieh reaction

[ 4

2 Q.




——

N
1

Takls 1
-
TEITIID $01. CLASSITIZATION
{laciud.ng ldert ? cat or awg Deter ¢ on)
Tieid lden fice jac Procedured -
loformatl or Regu ~ed fcr laora.ry Ca 7 cat
n:rhn.?mcu:;.-x.;::-m :-:nau) Deacribing acils Criter s
6
5
2 reage 13 ETWIA & Les ax su_stastial €, T Grvetes wan i
amls ©f See iMermdiaw particle gite F~ ud sturees ¢C 1. aid laforesi un .£ . 13
o TTRL 7 Culi.n SeIrve o camract y -
- cumgniatior mO Cures Ccumg LiOf. é:. ¢ (DV) Set o i and 3
- - ———— e
whmmsasily smr $13¢ O & reagr of siies v il g draisase chaacwrist ¢ sed € v LYY
s felarepdiowr siles n.silng vE . 1]
. " 1 8 o~ o A Greda Jor requirewent ror O
-1
]
Wisstic flses @ fimes v'ib lov plasuicity sz 2 22]  atwervere Limts seiov 4 lise [Mbove A .o mu
far 1eamifiestion prosseures see K. belov) iz “i ar P. less whar b F1 betveec  aad 7
Cive typical aam imdicels sppruxisatse Eed RS re besdcr  ne cases
pereer ages of sand and grevel Saxie ;,‘;: agﬂ - POPUT L I 97 Gua.
Squler \J Suriesr sondi. $ - v Attarvare lia.ts adove AT lime et
astic fime (for Lasetifiestios prossasvs e - si1dge
tion aad Mardnec. ¢f the soarse Y A, vith P! greeter thar 7
poe & valow) Eraine  lec o (rCiog ¢ mmm and : ;ﬁ‘ =
owmar per-inent éeceT Mive LRferma. - .E a,‘es -
owes. =] - 1
e reage 1a gree site wet subetatiol ammunts | V00 S OWEC. IE paresibess. ]3¢ == < ,E Grester taan 6
Pr aul 1sermediste perticls sizes > a"; ~
<32 (e)?
2 . . o
4aminently ome s13e & & Fenge ©° titer A I _\ A m‘“""-‘~3
Fita sane jaeresdste clles missing e ;-':' ¢ Sir -]
| Dxaar © % gty =7 Dot sweting ai) gradst)or rewwirmments for S
- zzm‘mn.&y about 2% bard H see or- N
Lastic flmes ar fiaws wth low Flas ieity apLar qravel particler o2- 8 < Ei‘: 3% Atversary lisite beisw A" Liar | Abwve A” Lier wita
“or leamtifieatior preceturee coe ML belov) sise -t H 2 o 5 less then & 7 betwwer L ana 7
cand grains coarse 1o fine about 17 | | g ¥ are eTiLne cases
5— soaglas 1c Tiaes vith lov ary streaqu - E: b4 T requrisg we of eual
il compacted and WISt 15 place al .« b - syesols
Wtic fimes (for térstiflestias proeseure bl 3 R Avtersery linits abve &7 lime
e C eion} . ‘ lova cane (34 ¢ zé' Vi P greater wan T
E
lasatificatice Pracedurer .-:
= Pra— cn Smaller thar B¢ oD £ e § ¢ g
p Stresour D sntancy Pougnne s
Pust. ng {Reas son (Consistency 4
hcve= reyes) 1w shasing) axes PL) E
. - € had
P A SlLoet | Qu.ck o elew Bone For undisuureerd scils ade laformat m - Comrar ag 3611 et Bqual Lieuid Limut -
. er SLrUSTuTe  Stre ITICel on oM. - Tugwwes and Dry Strencia lacresse
sistenc) 18 und Z.urded ane Fe. £ % v \L laereasiang Piasiicity later —
Rone & wry lded SAW  BCISTIY ond draln. I pe —=z<
(L B R "3 o eliwm age scal.tieac i — A Line— 1
o
tlE
L IRY <&
bem Sies e : Z :
{ % ve typicul aame ind cowwr derrve ard - E * . - —
4 eharucter of Lia 1€ L) e o 4 2 Y - .
w « o B & ¢ ©° C3arse $re . € 137 vl = : re
- Slov — mow "“:“ rwe c3mton MOr Y ey lucw L1e x -— ']
- - €r gr.100 € M an? OUNEr Pert net =13 -]
L de er =~ or 1°Tzrmdtion end SYmID bl = - y
] ir. paretioese
» -
helhabis Bne e ‘e
[ 2l 7] -
e &
bt
1
L Rone tc vy Saigat L Eaample ¢
“he slew adiwm € aver 2 it, vrowe slightly plast ¢ - © © L » wo
i ama.; perevntage ©f fine cand LIQID LDCT
M vwertical reoL MCle: “irm
1y Meat red ty colwr, star o fees and 4ry ta glace laess (0L) PLASTICITY CRANT
Tuemly €y £ trow wemare For leborsiory clas.i”icotion of fiaregraiaed soi)
+ €am3 natiens of Qrow) eymscls Far awaample ChSC wWli-greded grevei-sent aiTtNY VI clay Sinder 2} ALl etewe s.3¢6 0n At mart are U £ stanserd
TIED DITIFICATIE FROCIANES FOR FOESAMIDED $9ILS GR PRACTIORS
OTERe on e Wiz B. &0 sleve ¢1ie pariic.es  apvTORimmie.y 1/6h 16 For fleld cliasifient 08 PurTOres
Wt Ilenssd SIEELY FemsYe by bant U GROFTe PAF1ICaee el IALECTEre VItA e oS T
Surengus (evushing ehaructoristies) Toughnre: (consiriency mrer plast.c Limit)
we rencviag part cles larger than e 40 a1eow ¢ 10 anld o pat of ool e Afver particles larcer thar the B A0 sieve €130 orw removed & oprcimen of seil
-;nmu‘m dtlu:\nu-uuln N-:u&uﬂi-uuu -u—-n.:::.-nu:t 18 mslded L the avmsistensy of putty If wee
e o ~arying et st an waver st added and 1f stiax) the Specismn chould b sprved St fa o
::\-n\:u.qnn e oy BTN -f'—tl- and QEntity of n layer ant auloved w5 loeer cmmn asLetWe Oy cvager Then the ope
[ SV frart.an eamaiand 1x the ool The dry sUvagUl Lamrwases VItE 48 relled out by hand en & ESOth SWrTase oF brtuween the PAlES AMC & threed et
:'::'ng ’.ul:nu o« a -me-algil iseh is ter The threat 15 tars folded and rwrelled repretodly
SUreas 10 earesteristic fer clage LT ) srom A typieal Lmer- Barrag thle Jatien the is 1y and e spec)
AALE T11T POSENEASE Gy VY Slight dry Strwagld 3 oty flar cenls amd silts e etiffess fimelly loses 1ts plasticity amd :\-m ware whr plastic limit
A% abouL At SARr Glight FY Streagli Bt eAn be distinguialed by e feel 1¢ recshed
e pouier.sg the Grisd opsciawve [Filae samd fecls @ritty vhervas & typieal silt Afer e thrvad arvubles e pleess cheld be lawped Logether asd @ siight Rasediasg
*s e amews fesl of Tlew action eentisued until the Lo eramies
The Leugher U Urved Gour e Blastic Lt ant the oTifTer e lamp vers it
- - - - fsaily cwmsles e mere polest 14 Gw eslisidal clay frastiem is the eoil
Vosksmss of the thread ot e plastic liait aad qQuich 16ss of emmereace of the
chroduc.d from 2wy beltw the plastic Limit iadieate either imargasie slay of lew plasticity o
b‘ﬂ .Vlll‘b" coPY. msterials smsh 86 Maslin clays and argasic clags Wieh Sewr Gelew We A-Lims
t argantic claye hew o wwes ant epsagy feel et the plastic liat
og oA

S

B_‘_"

/3\




(Pt)

HIGHLY ORGANIC SOILS

Fidbrous texture, color, odor,
very high moisture content,
particles of vegetable mat-
ter (sticks, leaves, etc )

COARSE GR-

50% or less pass

Run sieve

a

GRAVEL (G)

Greater percentage of coarse fraction

retained on No L sieve

less than 5% pass
No. 200 sieve*

Betveen 5% and 12%
pass No. 200 sieve

More than 124 pass
No. 200 sieve

1

l

|

IS

|

Above "A" line and
hatched zone on
plasticity chart

GC

]

j rm

Borderlipe, to have
4 double symbol appro- Run LL ané PL on
E:ize :ug::in priate to grading and minus No LO sieve
plasticity character- fraction
istics, e g. GW-GM
Belov "A' line or | |Limits plot in
;:::d ::2::1 hatched zone on hatched zone on
plasticity chart plasticity chart
GW GP GM GM-GC
Note- Sieve sizes are U. S. Standard. Reproduced from

best available coovy

¢ If fines interfere vwith free draining properties use double symbol such as GW-GM, etc.
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Table 2

AUXI_IARY LABORATORY IDENTIFICATION PROCEDURE

Make v.sual examination of so.l 10 ceterz.ne wvhetne~ .t
is nIGSLY ORGANIC, COARSE GRAINED, OR FINE GRAINZD In
borderline cases determine amount passing No 200 sieve

1

RSE GRAINED

pass No. 20C sieve

ieve analysis

SAND (S)

Greater percentage of coarse fraction

pass ho U sieve

[

Less than 5% pass
No. 200 siere*

Betveen 5% and 12%
pass No 200 sieve

More than 12% pass
No. 200 sieve

. l

[

|

-t

Examine grain
size curve

Borderline, to have
double symbol appro-
priate to grading and

Run LI and PL on
minus No L0 s:eve

Well Poorly
graded graded
SW SP

tc

[

Below "A" 1
hatched zor
plast.city

I

Color, odcr,
1L and PL on

plasticity charescter- fraction scil
istics, e.g SW-SM
-
Below "A" line or Limits plot in Above "A" line ana
hatched zone on hatched zone on hatched zone on Organic
plasticity chart plasticity chart plasticity cnart L

SM

R duced from
b:?iroavu:uleuble cop}

SM-SC

oL
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FINE GRAINED
More than SO% pass No

200 sieve

Run LL and PL on minus No LO sieve

material
L ;!
Liquid limit less than Liquid limit greater than

50 50
slov "A" line or Limits plot in Above "A" line aad Belov "A" line Above "A" line
atched zone on hatched zone on hatched zone on on plasticity on plasticity
.asticity chart plasticity chart plasticity chart chart chart
or, oder, possibly Color, odor, possibly
and PL on oven dry LL and PL on oven dry

soil soil

rganic| |inorganic Inorganic Organic
oL ML ML-CL’ CL ME OH CH

Reproduced from
best available copy.
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UNIFIED SOIL CIASSIFICATION SYSTEM

APPENDIX A

CHARACTERISTICS OF SOIL GROUPS PERTAINING TO

EMBANKMENTS AND FOUNDATIONS

Introduction

1. The major properties of & soil proposed for use in an embank-
ment or foundation that are of concern to the design or construction
engineer sre its strength, permeability, and consolidation and compaction
characteristics. Other features may be investigated for a specific prob-
lem, but in general some or all of the properties mentioned above are of
primary‘importance in an earth embankment or foundation project of any
magnitude. It is common practice to evaluate the properties of the soils
in question by means of laboratory or field tests and to use the results
of such tests as a basis for design and construction. The factors that
influence strength, consolidation, and other characteristics are numerous
and some of them are not completely understood; consequently, it is im-
practical to evaluate these features by means of a general soils clas-
sification. However, the soil groups in & given classifacation do have
reasonably similar behavior characteristics, and while such information
is not sufficient for design purposes, it will give the engineer a<n indi-
cation of the behavior of e soil when used as a component in construction.
This is especially true in the preliminary examination for a project when

neither time nor money for a detailed soils testing program is available.

2. It should be borne in mind by engineers using the classification

Al
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that only generalized characteristics of the soil groups are included
therein, and they should be used primarily as a guide and not as the com-
plete answer to a problem For example, it is possible to design and
construct an earth embankment of slmost any type of soil and upon prac-
tically any foundation; this is in accordance with the worth-while prin-
ciple of utilizing the materials available for construction. However,
when a choice of materials is possible, certain of the available soils
may be better suited to the job than others. It is on this basis that
the behavior characteristics of soils are presented in the following para-
giaphs and on the classification sheet. The use to which a structure is
to be put is often the principal deciding factor in the selection of soil
types as well as the type of protective measures that will be utilized.
Since each structure is a special problem within itself, it is impossible
to cover 8ll possible considerations in the brief description of perti-

nent soil characteristics contained in this appendix.

-

Features Shown on Soils Classification Sheet

3. General characteristics of the soil groups pertinent to em-
bankments and foundations are presented in table Al. Columns 1 through
S5 of the table show major soil divisions, group symbols, and hatching
and color symbols; names of soil types are given in column 6. The basic
features are the same as those presented in the solls classification
manual. Columns 7 through 12 show the following: column 7, suitability
of the materials for use in embankments (strength and permeability char-
acteristics); colum 8, the minimum or range of permeability values to

be expected for the soil groups; columns 9 and 10, general compaction
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characteristics; column 11, the suitability of the soils for foundations
(strength and consolidation); and column 12, the requirements for seep-
age control, especially when the soils are encountered in the foundation
for earth embankments (permeability). Braef discussions of these fea-
tures are presented in the following paragraphs.

Suitability of soils for embankments

L. fThree major factors that influence the suitability of soils
for use in embankments are permeability, strength, and ease of compac-
tion. The gravelly and sandy soils with little or no fines, groups GW,
GP, SW, and SP, are stable, pervious, end attain good compaction with
crawler-type tractors and rubber-tired rollers. The poorly-graded mate-
rials may not be quite as desirable as those which are well graded, but
all of the materials are suitable for use in the perviocus sections of
earth embankments. Poorly-graded sands (SP) may be more difficult to
utilize and, in general, should have fletter embankment slopes than the
SW soils. The gravels and sands with fines, groups GM, GC, SM, and SC,
have variaole characteristics depending on the nature of the fine frac-
tion and the gradation of the entire sample. These materials are often
sufficiently impervious and stable to be used for impervious sections of
embankments. The scils in these groups should be carefully examined to
insure that they are properly zoned with relation to other materials in
an embankment. Of the fine-grained soils, the CL group is best adapted
for embankment construction; the soils are impervious, fairly stable,
and give fair to good compaction with a sheepsfoot roller or rubber-
tired roller. The MH soils, while not desirable for rolled-fill construc-

tion, may be utilized in the core of hydraulic-fill structures. Soils of
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the ML group may Or may not have good compaction characteristics, and in
general must be closely controlled in the field to secure the dasired
strength. CH soi1ls have fair stability when used on flat slopes but
have detrimrental shrinkage characteristics which may necessitate blan-
keting them or incorporating them in thin interior cores of embankments.
Soils containing organic matter, groups OL, OE, and Pt, are not commonly
used for embankment construction because of the detrimentcl effects of
the organic matter present. Such materials may often be utilized to ad-
vantage in blankets and stability berms where strength is not of impor-
tance.

[
Permeability and seepage control

5. Since the permeability (column 8) and requirements for seepage
control (column 12) are essentially functions of the same property of a
soil, they will be discussed Jjointly. The subject of seepage in rela-
tion to embankments and foundations may be roughly divided into three
categories: (1) seepage through embankments; (2) seepage through founda-
tions; and (3) control of uplift pressures. These are discussed in re-
lation to the soil groups in the following paragraphs.

6. Seepage through embankments. .In the control of seepage through

empankments, it is the relative permeability of adjacent materials rather
than the actual permeability of such soils that governs their use in a
gi%en location. An earth embankment is not watertight and the allowable
quantity of seepage through it is largely governed by the use to which
the structure is put; for example, in a flood-control project consider-
able seepege may be allowed and the structure will still fulfill the stor-

age requirements, whereas for an irrigation project much less seepage is




AS

allowable because pool levels must be maintained. The more impervious
soi1ls (GM, GC, SM, SC, CL, MH, and CH) may be used 1in core section- or in
homogeneous embankments to retard the flow of water. Where it 1s ixpor-
tant that seepage not emerge on the downstream slope or the possibility
of drawdown exists on upstream slcopes, more pervious materials are usual-
ly placed on the outer slopes. The coarse-grained, free-draining soils
(GW, GP, SW, SP) are best suited for this purpose. Where a variety of
materials is available they are usually graded from least perviocus to
more pervious from the center of the embankment outward. Care should be
used in the arrangerment of materials in the embankment to prevent piping
within the section. The foregoing statements do not preclude the use of
other arrangements of materials in embankments. Dams have been con-
structed successfully entirely of sand (SW, SP, SM) or of silt (ML) with
the section made large enough to reduce seepage to an allowable value
without the use of an impervious core. Coarse-grained soils are often
used in drains and toe sections to collect seepage water in downstream
sections of embankments. The soils used will depend largely upon the
material that they drain; in general, free-draining sands (SW, SP) or
gravels (GW, GP) are preferred, but a silty sand (SM) may effectively
drain a clay (CL, CH) and be entirely satisfactory.

7. Seepage through foundations. As in the case of embankments,

the use of the structure involved often determines the amount of seepage
control necessary in foundations. Cases could be cited where the flow
of water through a pervious foundation would not constitute an excessive
water loss and no seepage control measures would be necessary if adequate

provisions were made against pipang in critical sreas. If seepage control



A6

is desired, then the more pervious solls are the soils in which necessary
measures must be taken. Free-draining gravels (GW, GP) are capable of
carrying considerable quantities of water, and some means of positave
control such as a cutoff trench may be necessary. Clean sands (SW, SP)
may be controlled By a cutoff or by an upstream impervious blanket.

Vhile a drainage trench at the downstream toe or a line of relief wells
will not reduce the amount of seepage, either will serve to control seep-
age and route the flow into collector systems where it can be led away
harmlessly. Slightly less pervious material, such as silty gravels (GM),
silty sands (SM), or silts (ML), may require & minor amount of seepage
ébntrol such as that afforded by a toe trench, or if they are sufficient-
ly impervious no control may be necessary. The relatively impervious
soils (GC, sC, CL, OL, MH, CH, and OH) usually pass such a small volume
of water that seepage control measures are not necessary.

8. Control of uplift pressures. The problem of control of uplift

pressures 1s directly associated with pervious foundation soils. Uplift
pressures may be reduced by lengthening the path of seepage (by a cutoff
or upstream blanket) or by measures for pressure relief in the form of
wells, drainage trenches, drainage blankets, or pervious downstream
shells. Free-draining gravels (GW, GP) may be treated by any of the
aforementioned procedures; however, to obtain the desired pressure relief,
the use of a positive cutoff may be preferred, as blanket, well, or trench
installations would probably have to be too extensive for economical ac-
complishment of the desired results. Free-draining sands (SW, SP) are
generally less permesble than the gravels and, consequently, the volume

of water that must be controlled for pressure relief is usually less.
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Therefore a positive cutoff may not be required and an upstream blanket,
wells, or a toe trench may be entirely effective. In some czses 8 com-
banation of blanket and trench or wells may be desirable. Silty soils --
silty gravels (GM), silty sands (SM), and silts (ML) -- usually do not
require extensive treatment; a toe drainage trench or well system may be
sufficient to reduce uplift pressures. The more impervious silty mate-
rials may not be permeablc enough to permit dangerous uplift pressures

to develop and 1n such cases no treatment is indicated. In general, the
more impervious soils (GC, SC, CL, OL, MH, CH, and OH) require no treat-
ment for control of uplift pressures. However, they do assume impor-
tance when they occur as a relatively thin top stratum over more pervious
materials. In such cases uplift pressures in the lower layers acting on
the base of the impervious top stratum can cause heaving and formation of
boils; treatment of the lower layer by some of the methods mentioned
above 1s usually indicated in these cases. It i1s emphasized that con-
trecl of uplift pressures should not be applied indiscriminately just be-
cause certain types of soils are encountered. Rather, the use of control
measures should be based upon a careful evaluation of conditions that do

or can exist, and an economical solution reached that will accomplash

the desired results.

Compaction characteristics

9. In column 9 of the table are shown the general compaction char-
acteristics of the various soil groups. The evaluations given and the
equipment listed are based on average field conditions where proper
moisture control and thickness of lift are attained and a reasonable num-

ber of passes of the compaction equipment 1s required to secure the
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desired density. For lift construction of embankments, the sheepsfoot
roller and rubber-tired roller are commonly used pieces of equipment.
Somre advantages may be claimed for the sheepsfoot roller in that it
leaves a rough surface that affords better bond between lifts, and it
Xneads the soil thus affording better moisture distribution. Rubber-
tired equipment referred to in the table 1is considered to be heavily
loaded compactors or earth-moving equipment with a minimum wheel load of
15,000 1b, If ordinary wobble-wheel rollers are used for compactionm,
the thickness of compacted 1lift is usually reduced to about 2 in. Gran-
ular soils with little or no fines generally show good compaction char-
giteristics, with the well-graded materials, GW and SW, usually furnish-
ing better results than the poorly-graded soils, GP and SP. The sandy
s0ils in most cases are best compacted by crawler-type tractors; on the
gravelly materials rubber-tired equipment and sometimes steel-wheel rollers
are also effective. Coarse-grained soils with fines of low plasticity,
g;oups GM and SM, show good compaction characteristics with either sheeps-
foot rollers or rubber-tired equipment; however, the range of moisture
contents for effective compaction may be very narrow, and close moisture
control is desirable. This is also generally true of the silty soils in
the ML group, Soils of the ML group may be compacted with rubber-tired
éﬁuipment or with sheepsfoot rollers Gravels and sands with plastic
fines, groups GC and SC, show fair compaction characteristics, although
this quality may vary somewhat with the character and amount of fines;
rubber-tired or sheepsfoot rollers may be used. Sheepsfoot rollers are
generally used for compacting fine-grained soils. The compaction char-

acteristics of such materials are variable -- lean clays and sandy clays
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(CL) being the best, fat clays and lean organic clzys or silts (OL and CE)
fair to poor, and orgamic or micaceous soils (MH and OH) usually poor.
For most comstruction projects of any mzgnitudc 1t 2. highly desirzble

to investigate the compaction characteristics of the soil by means of a
fi1eld test section. In column 10 of table Al are shown ranges of unit
dry weight of the soil groups for the standard AASHO (Proctor) compactive
effort. It is emphasized that these values &re for guidance only and de-
s1gn or construction control should be based on laboratory test results.

Suitabality of soils for foundations

10. Suitability of soils for foundations of embankments or struc-
tures is primarily dependent on the strength and consolidation character-
istics of the subsoils. Eere again the type of structure and its use
will largely govern the adaptability of a soil &s a satisfactory founda-
tion. For embankments, large settlements may oe allowed and compensated
for by overbuilding; whereas the allowable settlement of structures such
as control towers, etc., may be small in order to prevent overstressing
the concrete or steel of which they are built, or because of the neces-
sity for adhering to established grades. Therefore a soil may be entire-
ly satisfactory for one type of comstruction but may require special
treatment for other types. Strength and settlement characteristics of
soils are dependent upon a number of variables, such as structure, in-
place density, moisture content, cycles of loading in their geologic his-
tory, etc., which are not readily evaluated by a classification system
such as used here. For these reascns only very general statements can be
made as to the suitability of the various soil types as foundations; thais

1s especially true for fine-grained soils. In general, the gravels and
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gravelly soils (GW, GP, GM, GC) have good bearing capacity and undergo
1ittle consolidation under load. Well-graded sands (SW) usually have a
good bearaing value. Poorly-graded sands and silty sands (SP, SM) may
exhibit variasble bearing capacity depending on their density; this 1s
true to some extent for all the coarse-grained soils but is especially
critical for uniformly graded soils of the SP and SM groups. Such soils
when saturated may become “quick" and present an additional comstruction
problem. Soils of the ML group may be subject to laquefaction and may
have poor bearing capacity, particularly where heavy structure loads are
igvolved. Of the fine-grained soils, the CL group is probably the best
f;om a foundation standpoint, but in some cases the soils may be soft
and wet and exhibit poor bearing capacity and fairly large settlements
under load. Soils of the MH groups a&and normally-consolidated CH soils
may show poor bearing capacity and large settlements. Organic soils, OL
and OH, heve poor bearing capacity and usually exhibit large settlement
uﬂher load. For most of the fine-grained soils discussed above, the type
of structure foundation selected is governed by such factors as the bear-
ing capacity of the soil and the magnitude of the load. It is possible
that simple spread footings might be adequate to carry the loed without
excessive settlement in many cases. If the soils are poor and structure
loads are relatively heavy, then alternate methods are indicated. Pile
foundations may be necessary in some cases and in special instances, par-
ticularly in the case of some CH and OH soils, it may be desirable and
economically feasible to remove such soils from the foundation. Highly
organic soils, Pt, generally are very poor foundation materials. These

may be capable of carrying very light loads but in general are unsuited
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for most comstruction purposes. If highly organic soils occur in the
foundation, they may be removed 1f limited in extent, they mway be dis-
placed by dumping firmer soils cn top, or piling may be draiven througn

them to a stronger layer, prcoper treatment will depend upon the structure

involved.

Graphical Presentation of Soils Data

11. It 1s customary to present the results of soils explorations
on drawings or plans as schematic representations of the borings or test
pits with the soils encountered shown by various symbols. Commonly used
hatching symbols are small irregular round symbols for gravel, dots for
sand, vertical lines for silts, and diagonal lines for clays. Combaina-
tions of these symbols represent various combinations of materials found
in the explorations. This system has been adapted to the various so:1l
groups in the unified so01l classification system and the appropraate sym-~
bols are shown in column L4 of table Al. As an alternative to the hatch-
ing symbols, they may be omitted and the appropriate group letter symbol
(CL, etc.) written in the boring log. In addition to the symbols on logs
of borings, the effective size, D), (grain size in mm correspendang to
10 per cent finer by weight), of coarse-grained soils and the natural
water content of fine~grained soils should be shown by the side of the
log. Other descriptive abbreviations may be used as deemed appropriate.
In certain special instances the use of color to delineate soil types on
maps and drawings is desirable. A suggested color scheme to show the

major soil groups is described in column 5 of table Al.
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Table AL

CRARACTERISTICS FYATINENT TO DMBANMENTS AND POUNDATIONS

E— | Permeabilitny e-_ -"—_ 'w-_._-w—.”n Velue for Requiresents for
[ Sivietonsy tatier Ratching | Color Name Value for Mebenkments Ca Per Sec Cospaction Characterfatice I Per " Poundstions Seapage Contrel
0 {2) ) ) 13) (6) m (6 (9) tio 01) (12)
o —o Vell grades gravels or grevel ssnd  Jvery stavie, pervieus shells x>10? Qood, Aractor, rubber-tired, 125 138 Qood bearing valus Positive euterf
sc m alatures, 1ittle or me fines of dikes and dame steel-vheeled roller
cuver [ 14 i Pooriy-graded gravels or gravel sond {Reascnably s le, pervious x> 10 2 Good, trector, rutber-tired, 115 128 “w00d bearing value Positive cutoft
AND ' sintures, little or ao fines shelle of dikes and dane steel vheeled roller
GAAVELLY -] SLity gravels, gravel aand oiit sls |Reasonably sted » POL partica xe03 Qood, with close contrel, 120 138 Good tearing value Toe treach Lo some
tures larly sulted to shells, Mt pay o106 rubber-Lired, sheepefoot
o118 be used for fapervious rores or roller
Slankets
oc £ Clayey gravels, gravei sand cley Fetrly atable, say %o used for tel0b Falr, rubber tired, sheepefoot 115 130 Qnod bearing valie None
[ 1] slatures lapetyious core to 10 8 roller
AtV [ ] Vell graded sands or gravelly ssmds, [very oteble, perviows secticas, a> 0l Good, trector 110 130 Cood bearing value  |upsiresa blanket and
soms 1ittle or no fines slope protecting required Lo drainege or vells
[14 M Periy-graded ss ar gravelly Rensonably stable, smy bo uted x> 10} Good, tractor 100 120 Good to paor bearing JUpstress Blankel and
sande, 11110 or ae tines i dike section with flat alopes value 4epending on oe dralnage or wells
s densdty
AN - Silty eands, send sily afxtures Falrly stabie, not particalarly xed0) Uood, vith close control, 110 128 Good to poor bearing |Ujstrean blasket and
sultrs to shlls, dut asy be w106 rubber Lireq, sheepefoot velue depending os 1oe dratnage or wvalle
SANDY used £ lapervious cores or rotler densliy
e “ dihes
20118 r
E 4 Lol Clayey aends, sand siit alatures Feirly stsble, use fur tapervious { k = 10 ow Fulr, sheepafool roller, 103 123 Good 10 poor bearing |vone
core for f1 o8 control to 10 rutber tired value
struciures
Aorgaate ollte very Fine %+ Ypoor stsbiiily, suy be used for xe0) Guod Lo poor, close contrcd u$ 120
N 93 I Very poor, auscepti Toe trench to pooe
L rock flaue, sttty or clayey Cine embankaents vith proper tustrel wioé exuential, rebberatired bl to 1tquelaction
SILTY sande or clayey a1t with slight roll sheepsfoot roller
daeticity uller, epsfooL rollel
e eL —:on.wn””“” cla n”.—"b"-n“.nnuh“ Stible, impervious cores and remw$ Fuir 10 goud, sheepafoot 95 120 G208 Lo poor bearing | None
cars clays -_J Qn._- s, leam ¢laye 4 “lanhets wioh riller, ruhber tired
weso oL Orgeale silts ond organic siit clays [dot sultable for enBankments nato? lratr 10 poar, steepsfoot 80 100 Fair to poor desring | None
ron of Jow plesticity 0 )0 6 roller say have escessive
seitlcoents
AT - fnorgaanic stlte, micaceous or Psor atability, core of hydrawlic | &k « 10 v Puor Lo very poor, sheepafoor 70 9% Poor dearing None
o 1 dtstomacecus fine sandy or slity fi11 dam, not éesirable tn roiled to 10 6 roller
18 nt solle, elastic silte fi1) construction
A
[+ ] “ Inorgants clays of Migh plasticity, ]Pair atadbility vith flst slopes, L IO U 6 Falr to poor, sheepsfoot 75 108 Fair o poor bearing } Mone
CLAYS for claye thin cores, Lisnkets and dike wiob roller
esectione
> 30 on ?, Organic clays of sedius 10 high Not sullable for eabankments % a il & Poor to very poor, sheepsfoot 65 100 Very poor bearing None
% plssticity, organtc eilte wiod rotler
]
NIONLE GRGANTC 301L8 " .:.14 Peat and other (iighly organfe sofle FoL used far construction Compaction not precticsl Resove from foundations
-

Boves, )

Yalues ia columns 7 and 11 are for gildance only

Deaign shuuld de b,

ed on tcsl resulte

2 Incolan 9, the eqiipment Iloted vill usualiy produce the deaired denslitlice 1t} o ressnnable pusder of pasers vhen

J Coluasly usit dry veipnte are for compacted sofl ot aptisus solsture contenl for Standard AASNO (Standare

scielure conditions and th
Proctor) compacti o effort

tcknesa of 11ft are properly controlles
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